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PREFATORY ESSAY 


O N fe 
DravuGutTs and SurvEyYs of the Sra-Coasr. 


O Branch of practical Geometry has been fo little confidered 
N by Men of Science as Maritim Surveying. This Subject has 
never been particularly treated of by any Author, nor taught by a 
Maiter ; nor have Surveyors given any Account of their Operations 


and Procedure in fuch Surveys. To this Referve of Writers, and 


Silence of Practitioners, it may be afcribed, that an Art of fuch 
great Importance in Navigation has hitherto received fo little Im- 
provement ; that in Practice little or no Diftinction is made between 
Land-furveying and Coaft-furveying, though they differ eflentially 
from each other in their Nature and Circumftances; that {0 few 
Draughts are found to anfwer the End propofed by them; and that 
the Merits of the Draughts to which Seamen truft their Lives and 
Fortunes, are feldom judged of by any other Rules than the Re- 
cercy of the Publication, the Neatnefs of the Engraving, the Au~ 
thority under which the Survey was executed; or, fometimes, by the 
Rank and Reputation of the Perfons to whom they are infcribed. 
Had Coaft-furveying been confidered with the Attention it deferves, 
the various Sorts of Draughts which are often indifcriminately made 
ufe of at Sea, would, before now, have been characteriftically dif 
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tinguifhed from one another ;. the Particulars of which a complete 
Draught confitts. would have been fufficiently known; the feveral 
Methods of furveying compared. together,,and the moft perfect Man- 
ner pointed out and.explained. As yet, whoever undertakes a Sur— 
vey of the Sea-coaft is under the Neceflity of devifing a Plan of Pro-. 
cedure for himfelf, and performing moft of the Operations by his. 
own Ingenuity and Skill in the Principles, without the Advantage of 
the Speculations and Experience. of others to affifthim. This Want 
of previous Inftructions, and the Difficulty and Trouble of frequent: 
Inveftigation, feem to be the chief Reafons that Coaft-furveyors com- 
monly follow that Method. which their antecedent Bufinefs. or Ap- 
plications fuggeit, rather than that which a thorough Knowledge of 
the Theory, and ftri€ Attention to. the Nature and. Circumftances of 
the Coaft would have directed. ‘The Navigator, or experienced Sea- 
man, conftruéts his Charts chiefly from Sea-journals of Courfes and. 
Diftances: the Engineer. and Land-meafurer, by a continued Men-. 
{uration of Sides and Angles; or bya connected Chain of ‘Triangles =. 
Some meafure their Diftances with a Wheel, fome with. a Chain, 
and others with a Rope: one takes. his Angles. with a Needle, one 
with a Theodolite, anda third with a common Compafs: the Way 
in which one proceeds in a Survey neceflarily reftricts his Performance 
within narrow Bounds :. another. takes a Method, by which he fur- 
veys more Coaft in one Year, than he could travel over in three; 
furveying a little himfelf,, and copying a great deal from others, with- 
out diftinguifhing the certain from.the uncertain. 


Wherever the Safety of Shipping is concerned, the Public has a 
Right to fome Satisfation with refpect to. the Nature and. Grounds. 
of the Publication. It is not fufficient.to fay, inthe Title, that it is 
an actual Survey ; or, a new and accurate Survey: it. ought to be ac- 
companied with, at leaft, a fhort Account of the fundamental Ope- 
rations, and Manner in which the Survey was condu@ted. This 

would 
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ON DRAUGHTS AND» SURVEY. xi 


would enable Seamen to form fome Notion of the Metits of the 
Draughts they were trufting their Lives to, and to judge in what 
‘Circumftances they might be depended on, and in what Circum- 
{tances a Dependance-on them would be imprudent. A faithful An- 
fwer to the following Queftions would be {ufficient:for this Purpofe, 
and might be eafily fubjoined to the Title of any Draught. 


How long was the fundamental Bafe-line? Where, and how, was 
wt measured 2 


2. In what Manner was the Survey carried on from that Bafe-hne? 
And with what Infiruments were the Angles taken? 


r, if the different Sorts of Draughts were clafled under different 
ee with Epithets, or inGenatione: fignificant of the Manner 
in which each was done, and publithed with that Epithet, or under 
that Appellation, only; this.would in a great Meafure anfwer the 
fame End, and point out readily the Nature and Peculiarities of the 
feveral Draughts. Such a Capitulary is attempted in the following 
Enumeration of Draughts and Surveys ; ang. will ferve to explain 
what is here propofed, 


1. A GENERAL, or NAUTICAL, CHART, 1s commonly con- 
ftructed and drawn by fome experienced Seaman from his own Ob- 
fervations and Journals of the Courfes and Diftances from Head- 
land to Head-land, and-Point to Point; with the intermediate 
Spaces filled up from fuch Charts or Maps as are at Hand, Of are in 
moft Repute. Sometimes on the Margin of the Chart are added 
larger Sketches of fome of the moft noted Harbours he ‘is acquainted 
with, drawn from his own Memory, or.copied from others. Thefe 
Charts are always done bya very {mall Scale, fo as to comprehend a 
large Extent of Land and Sea. Rocks and Shoals’are feldom, or 
or never, particularly examined, but laid down according to their ap- 
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parent Diftance from a noted Head-land, or by the Ship’s Reckon- 
ing, which is looked upon as a fufficient Direction for avoiding 
them. 


In thefe Charts, as all the Diftances are either taken by the Eye,- 
the Log-line, or the Ship’s Traverfe, without any certain Allowance 
for the Influence of Tides and Currents; and the Courfes, for the 
moft part, deduced from the Reckoning, or fometimes taken at Sea 
by a Compafs ; great Exactnefs is not to be expected ; and as the: 
Scale is very fmall, no ftriking Refemblance of any Part of the Coaft 
can be expreffed in the Draught, to point out with Certainty where 
Shoals or Harbours lie. Notwithiandine thefe Difadvantages, fuch 
general Charts are neceflary to Navigation: and fome take the 
Charge of conducting Ships who have no better Draughts.to rely on: 
but then, if they are not particularly acquainted with. the Places they 
are bound to, they ought always to carry a Pilot, who knows them ;. 


and never to truft to fuch Charts farther than for general Courfes at. 
free Sea. 


When thefe. general Draughts are corrected by Latitudes and’ Lon~ 
gitudes carefully obferved ; and when the Publither is fo juft to himfelf 
and others, as to diftinguifh fuch Courfes,, Diftances, and Tracts of 
Navigation as.are delineated from his own repeated Obferyations and. 
Experience, from thofe which he has copied, or taken on Truft from 
others ; then they become very ferviceable in failing from Land to. 
Land, or along an open Coaft; but near the Shore, where the Dan- 
ger is greateft; and in bad Weather, when a Ship is under the Ne~ 
ceflity of running for a Harbour, or fheltering in a Bay, thefe ge- 
neral Charts are of little or no Service. In fuch Circumftances,. 


larger and more particular Drayghts, or a fkilful Pilot, are indif-. 
penfibly neceffary. 


€harts 
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Alll 


Charts of this Sort will not be brought to their utmoft Perfec- 
tion, till fkilful Perfons are fent on purpofe, with good Inftruments, 
to obferve, on Land, or near it, the Latitudes and Longitudes of 
the moft remarkable Points and Promontories which Ships have moft 
frequent Occafion to fail along, or to’ make, when they approach 
the Land. If this fhall ever-be done, diftant Views of the Land 
ought alfo to be taken; and each Obfervation, with its {everal Cir- 
cumftances, fhould be preferved and publithed along with the Chart 
conftructed from them. A few Years, perhaps, would be fufficient 
to accomplith this on both Sides of the Atlantic Ocean sor of the 
German, or North Sea: and would produce an accurate and lafting 
Chart of thefe Parts, which would never after need Correction. 
When a proper Manner of Surveying is more generally underftood 
by feafaring Gentlemen, the intermediate Parts.might be furveyed in 
a particular and complete Manner; which (excepting fome Banks 


and.Channels that are. of a.variable Nature) would be as permanent 


as the other. If, by the Affiduity of Theorifts, or-the Ingenuity 
of Artifts, that important. Problem of finding a Ship’s Longitude at 
Sea, fhall become eafy to ordinary Seamen, fuch a Chart. will be 
neceflary to render that Difcovery fully ferviceable to Navigation. 


2.. ABBREVIATED COLLECTIONS or DRAUGHTS, as they 
comprehend a great deal of Coaft in a {mall Compafs, are of the 
fame Nature with the nautical Chart laft mentioned, and can ferve 
for no other Purpofes in Navigation but to dire@ Ship’s Courfes from 
Land to Land, or from Promontory to Promontory along a. Coatt. 
Thefé are commonly the Chamber-performances of Map-fellers and 
Drawers, who.. perhaps never faw any of the Places they delineate, 
and, for that Reafon, cannot be"fuppofed capable of making a pro- 
per Choice of the Draughts they abridge. Befides, in contraéting a 
Diverfaty of Scales and Draughts into one, by the utmoit Care they 
ean hardly ayoid. introducing new Errors, or Inaccuracies, over and 
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above what might have been in the Originals before. By the Dimi- 
nution of the Figure, the Diftinétnefs that was in the Originals will 
certainly be loft in the Abbreviation. Thefe miniature Collections 
often do more’Prejudice than Service to Navigation : for, on account 
of the comparative Lownefs of the Price, and the Names and {pe- 
cious Authorities annexed to the Title, many are inconfiderately led 
to purchafe and preferve them; while the Originals, that would 
have been of much more Service,’ are .as inconfiderately neglected 
‘and loft. 


3. A Memorial SKETCH 1s, a Delineation of a Harbour, 


‘or any Part of a Coaft, from the Memory only; without Notes, or 


immediate Sight. 


When fuch a Sketch is made by one who has been often in the 
Place, or who has viewed it with particular Attention, it may con- 
vey a general Idea of a Bay, Harbour, or Ifland, fit to gratify Cu- 
riofity, or enlarge Geography, by fhewing that fome fuch Places 
are there: but as every Part of the Sketch was at firtt by Guefs, 
and that Guefs delineated by RecolleQion only, the whole muft be 
very uncertain, and of little Service to Shipping ; farther than to 
admonifh Sailors to keep a Look-out when they fail that Way. It 
is likely that moft of the Iflands in the Eaf Indies, Africa, the 
South-Sea, and on the Coaft of Norway, have been drawn and in- 
ferted in our Draughts after this Manner. 


4. An Eve-Sketcu is, .a Delineation of any Harbour, or 
Part of a Coaft, done by the Eye at one Station, without meafur- 
ing Diftances; and drawn according to the apparent Shape and Di- 
menfions of the Land. 


Though here neither Bearings, Diftances, the Figure of the 
Land, nor the Pofition of Rocks or Shoals, can be exa@; yet a 


3 ; goo 


































NN SOO OT OO A yeh 
















ON DRAUGH TES “‘ANDILSURVEYsS. XV 


good Drawer may make fuch a Sketch convey a fufficient Notion of 
a {mall Bay, Harbour, or Ifland, to be ferviceable on fome Occa- 
fions; and in moderate Weather, with the Help of the Lead, to 


4 


direct a Veffel to the fafeft Channel and ordinary Anchorage. A 


pe 
Oo 
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great deal of the Benefit of fuch a Draught depends on chufing an 


Bara cous Station to take it from, fo that the principal Parts of © 


the Harbour, or Bay, may not be too far from the Eye; for the ré- 
moteft Parts will always be moft unlike. It is likewife of Advantage 
to chufe the Station near the Sea, on that Side of the Bay, or Har- 
bour, which is next the common Channel; becaufe remarkable 
Parts on that Side of the Bay and Channel may then be delineated 
according to their true Bearings, by a Compafs. Such a Sketch is 
foon made by one moderately {killed in Drawing : ‘and if {ea-faring 
Gentlemen, when they are in Places unknown, or not {urveyed, 
would be at Pains to take fuch Sketches, it would be of fome Ser 
vice both to Navigation and Geography. | 


5. An AmBuLaTory DRraucut, is made by walking along 
the Shore, taking the Bearings from Point to Point with a Compafs, 
eftimating their Diftances by the Eye, and fketching the Figure of 
the Coaft between them. If to this, remarkable Objects on Land 
are added, and fuch Rocks, Shoals, and Ledges as are vifible at 
low Water, or by Breakers, with the Depths in the principal Chan- 
nel, and in the Anchorage, the Draught will be a diftin@ Repre- 
fentation of any fingle Bay, or Harbour, and prove ferviceable to 
Veffels on feveral Occafions. But if it is continued for fome 
Leagues on an irregular Coaft, the erroneous Diftances will affeé 
the Bearings, and. alfo the Figure and Dimenfions of the whole 
Draught: grofs Errors in the more confiderable Parts muft then be 
corrected by making the lefs confiderable Parts more erroneous 
till at length the whole will become too evidently diftorted and out of 
Proportion to admit of farther Alterations ;.and then of Neceflity 
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the Survey muit be difcontinued. It is likely that moft of the par- 
ticular Draughts ufed by Seamen have been made in this Manner. 


When fuch Draughts are confined to fmall Parts of a Coaft, or to 
fingle Bays, or Harbours, the Errors in them are lefs fenfible; and 
they become ferviceable by exhibiting plainly what Kind of Bays 
and Harbours are to be met with on that Coaft: and, when Rocks, 
Shoals, and Soundings are inferted, they will be found a pretty good 
Direction for Vefiels that may happen to fall in with them, provided 
at the fame Time they are fure what Harbour it is which they have 
fallen inwith: but toStrangers, and {uch as are not well acquainted with 
the Land before, feparate Draughts of Harbours will not be found 
of great Ufe, e{pecially in bad Weather, when a Diretion is moft 
needed; becaufe of the Difficulty of finding where a particular Har- 
bour lies, and the Danger of a Miftake in running for it. A Ship 
muft be off the Mouth of the Harbour before fuch a Draught can 
be of Ufe; and the Pilot that is neceffary to bring her thither, may 
likewife carry her in. 


When one makes a Draught of a Bay, or Harbour in this Manner, 
at the fame Time that he goes along the firft Side delineating it, the 
magnetic Direction of the feveral Points and Heads on the other 
Side fhould be drawn out on the Paper, and their Pofitions limited 
to that Direction, which will render the Bearings tight, however 
erroneous the Diftances may be: if this is neglected, both the Dif- 
tances and oppofite Bearings will be falfe, and the Draught unlike in 
every Refpect. 


None of the three laft-mentioned Performances ought to go under 
the Name of Surveys, becaufe there is no Menfuration of Diftances 
in them, nor any Thing determined in a geometrical Manner. 


6. A Disjuncr Survey is, when the Harbours, Bays, or 
Hflands in any Country, are each furveyed feparately in a geometrical 
| Manner, 
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Manner. Or, when one, or more, ftraight Lines are meafured on 2 
= = fe 2 ‘ 

Level Plane in each Harbour, Bay, or Ifland; the Angles taken with 

a good Inftrument, and the Diftances of the feveral Places deter- 


mined from thence trigonometrically. 


In this Survey, all the Rocks, Shoals and Channels are fuppofed to 
be carefully examined, and diftin@ly delineated, by alarge Scale; and 
the Buoys, Beacons, Land-marks, remarkable Hills, Groves of Trees, 
Churches and Buildings, neceffaryfor directing Veflels on any Occafion, 
inferted in their proper Places and miniature Forms ; the various Di- 
verfities of the Sea-coaft, and of the Rocks, Shoals‘and Sand-banks 
along it, reprefented fo as thefe Varieties may be readily known by 
infpecting the Draught. Such a Draught will be a minute and exact 
Reprefentation of each Place, as far as relates to Shipping; and is, 
or ought to be, the moft complete of any, within the Limits of the 
Bay, Harbour, or Ifland furveyed. There is, however, one material 
Defe& not to be avoided in Draughts of this Sort; which is, that 
Rocks, Shoals and Sand-banks that lie off the Harbour, or Coaft, 
can feldom be laid down either in their juft Dimenfions, ‘or in their 
proper Places; nor can interfecting Bearings be given for finding 
them out; nor Land-marks for avoiding them on all Sides. The 
Reafon is, each Draught comprehends fo fmall an Extent of Coatt, 
that Objects properly fituated for thefe Purpofes cannot be included 
in it. “Lewis Morris, in his Draughts of the Harbours of Wales, 
and Captain Co/ms, in his more diftiné& Draughts of Harbours in 
Britain and Ireland, very feldom give any Defcription of the Rocks 
and Shoals they reprefent, nor Directions for avoiding them on all] 
Sides: and thefe they defcribe are fo fuperficially done, that it is 
not withgut much Trouble and Searching that the Shoal can ‘be 
found at all: the Nature of their Surveys would not admit of being 
fo particular as that requires. Detached Draughts of {mall Extent, 
though never fo exactly done, will not be found of much more Ser- 
vice to Navigation than the ambulatory Draughts before-mentioned : 
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for neither of therm are of Ufe till a Veffel is in the Mouth of the 
Harbour; and then, the apparent Similitude between the ambula- 
tory Draught and the Land, will direct her to the proper Anchorage 
as well as an exact Similarity in the geometrical Draught; for in 
failing along, the Eye cannot perceive the Differences No one that 
was not acquainted with the Coaft, ever ventured to run for a Har= 
bour by the detached Draughts that are to be feen on the Margins 
of fome Maps and Charts ; nor by thofe done by Coliins, or Morris, 
though there is a general Chart along with them. However, dif- 
jon& Draughts, when well executed, give great SatisfaGion, by 
making the Nature and Capacity of Bays and Harbours exactly and 
diftinétly known, and are good Remembrancers to thefe who have 
been in thefe Harbours, and are fo well acquainted as to know the 
Land at fome Diftance: but a Stranger to the Coaft can receive 
very little Benefit by them, except that they may prove a Check 
on unfkilful Pilots. 


Vea LINEANGULAR SuRvEY is, when the Coat is meafured 
all along with a Chain, or Wheel, and the Angles taken at each 
Point and Turn of the Land with a Theodolite, or magnetic 
Needle 


Some few Bays, that happen to be bordered with Sand or Marth, 
may be fuited to fuch Operations; and then, if great Care is taken 
@ pretty exact Survey may be made. But, it is only a {mall Part 
of any Coaft that is level and {mooth enough to admit of a conti- 
nued Menfuration with any tolerable Degree of ExaGinefs. And, when 
it is confidered that every Error, or Inaccuracy, in any one meafured 
Diftance, occafions a proportional Error in all the other {ubfequent 
Diftances ; that every Inaccuracy in the Angles affects all the other 
fubfequent Angles and Sides; that, among fuch a Number of Angles, 
Inaccuracies, perhaps Miftakes, are hardly to be avoided 3; and when 
they happen, harder to be found out, fo as: to be properly cor- 
rected ; when thefe Things are confidered, it will not be reckoned 


a Paradox 
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a Paradox to affirm, that an irregular Coaft may be furveyed by the 
Eye and a Compafs, as exactly as in the linedngular Manner. A 
Surveyor will eafily be fatisfied of this, if he has ever tried to furvey 
an irregular Field, or fmall Ifland, by meafuring all the Sides, and 
obferving the Angles between them: by his Field-book their Circum- 
ferences will never meet on the Paper. That Reproach of Surveyors 
is not to be wiped off by fuch a Procedure. Surveys taken in this 
Way are tedious, troublefome, and require many Hands conftantly 
imployed: the Diftances by the Draught, and by obferved Latitudes, 
differ widely from each other; and the whole will come out larger 
than the Truth ; except Errors in the Angles thall happen, to coun- 
teract the Errors in the Sides; and in that Cafe, particular Parts 
muf{t be very much out of Proportion. If the Diftances are mea- 
fured with a Wheel, inftead of a Chain; or the Angles taken with 
a Needle, inftead of a Theodolite; then the whole, and particular 
Parts, will be ftill more erroneous, Lineiingular Surveys that are 
continued beyond the Limits of a fmall Bay or Harbour, are in no 
Cafe to be depended on: and very few even of thefe, can be exactly 
done in that Manner. This, however, feems to be the moft com- 
mon Method of geometrical Surveying. 


5. A TRIGoNocaTENARY SuRvey is when one long Bafex 
line is carefully meafured on a level Plane, the Angles taken with a 
good Inftrument, and from that Bafe-line a connected Series of Tri- 
angles carried on along the whole Coatt, by which the Diftances of 
the feveral Heads, Points and Flexures of the Shere are determined 
trigonometrically. 


By this Procedure, one Source of Error in the former Method is 
avoided, viz. that which arifes from a continued Menfuration: but 
the other, perhaps no lefs confiderable, which is found, by conftant 
Experience, to flow from a long Chain of Triangles all depending 
on one another, till remains to affect the mutual Bearings and Dif- 
b 2 tances 
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tances of the Places. This Manner of furveying is liable to much 
the fame Inaccuracies and Imperfections as the lineangular, only not 
to fo great a Degree. When Objects, fharp enough for forming 
the angular Points with Precifion, are rarely to be met with (which 
is the Cafe on every Coaft) Errors in Angles muft necefiarily arife : 
one Error caufes. another, that a third, and fo on; each increafing 
the Inaccuracies of the fubfequent Triangles: and, after they have 
infenfibly run through a few trigonal Links of the Chain, their 
Source becomes indifcoverable; and, at length, the Error of the 
whole too great to be corrected in the material Parts, without mak- 
ing very grofs Errors in other Parts: the Survey muft then of Ne- 
ceflity be either broke off, or continued. with very ftriking Imper- 
fections. 


If a Coaft happens to be fo circumftanced, that level Planes may 
be met with on it at proper Diftances from each other, and new 
Bafe-lines are meafured on thefe Planes; and if Poles, or Signals, 
are fet up forming Triangles all along the Coaft; then, with great 
Care, the Angles may be taken, and the Survey continued: with 
{ufficient Exaétnefs. But, fuch a Procedure would be extremely 
tedious: a Life-time would hardly be fufficient to furvey the Coaft 
of one. Kingdom in this Manner,’ with the Care it requires. .But 
as Planes of a fufficient Length and Smoothnefs are feldom to be 
found on, any Coaft, whoever carries on an extenfive Survey this 
Way, will be often under the Neceffity of making random. Altera- 
tions in the Draught, at leaft at every new Bafe-line ;. that the. feve- 
ral Parts may conneé with one another, and that the. whole may 
agree better with obferved Latitudes. And, after the whole is put 
together one Way or another, the original Scale muft be changed, and 
a different one fubftituted in’ its Place, that is better adapted to the | 
Latitudes, and to the Dimenfions of the whole: that‘ is, a Survey 


taken in this Way muft be finithed,. before the Scale that fuits it is 
Known, 
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g. An OROMETRIC SURVEY is, when one long Bafe-line is ex- 
: actly meafured, and the Diftance of the Summits of two, or more, 
high Mountains in the Neighbourhood found from thence trigono- 
metrically: then, by Angles taken on thefe Summits, the Diftances 
of all the Points, Heads, Turns and other vifible Obje&s on the 
Coaft are afcertained ; and from them the Pofitions of other inter- 
mediate Objects and Places. From thefe Mountains likewife, the 
Diftances of other Mountains, farther along, are found; which ferve 
in the fame Manner as the firft, for determining Diftances along 

that Part of the Coaft which is adjacent to them. 





By this Way of furveying a Coaft, when the Foundation is care- 
fully laid, the Errors which all the fore-mentioned Methods are 
liable to, are in a great Meafure guarded againft: for, the Evror, 
or Inaccuracy, of any one Diftance, or Angle, is not communicated 
to the reft, but confined to that Diftance, or Angle alone, or per- 
haps to an adjacent Point or two befides, which are not of great 
Confequence in the Draught, nor ‘affect the Pofitions of other Parts. 
Therefore, in a mountainous Country, where the fundamental Tri- 
angles are few, and the Nature of the Coaft otherwife favourable, a 
Survey may be continued a great Length, without any Error. confi- 
derable. enough to affect the Extent of the whole together. But 
then Shores are generally fo low, and of. fuch a Nature, that parti- 
cular, Parts can feldom be perceived from the Tops of two remote 
and high Mountains; even.large Buildings are not often to be feen 
from thence: and though Points and Promontories, in Grofs, may 
be perceived from both, yet it is fcarce poffible to diftinguifh the 
fame Part of them from each Mountain.. This will, render the 
Angles, and of Confequence, the Diftances inaccurate; and caufe 
the obferved Points and Heads in the Draught to extend more, or 
lefs, from the reft of the Coaft than they ought: and other Diftances 
and Bearings that depend on: them will participate of.their Error. 


However, if a moderate Degree of Care is.taken, thefe Errors will. 
not 
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not be confiderable, and the Draught, in general, may agree fufi- 
ciently with obferved Latitudes and Longitudes. Though by: this 
Method an extenfive Survey may be carried on with more Certainty 
and Exadctnefs than by any of thofe before-mentioned, yet there is 


Ground to believe that it has feldom been put in Praétice. 


10. A SrasimeTrRic Survey is, when the mutual Diftances 


three, or more, proper Objects are carefully meafured ; and by 
Means of thefe Objects, the Pofitisn and Diftance of all Stations 
along the Coaft determined trigonometrically, each at its re{pective 
Station alone, independent of one another. 


\ 


By this Manner of Surveying, the Errors which all the other 
Methods are liable to are avoided: for, the Diftances along the Coatt 
depending intirely on the Diftances of three Objects chofen at Plea- 
fure, the moft proper may be felected for that Purpofe: or, if 
proper Objects are not to be had, others may be adapted to it by 
Signals, and their mutual Diftances previoufly determined to any 
Degree of Exadinefs. And if, by Overfight, an Error thall happen 
in any Part, it is confined to that Part alone, without affecting other 
Parts; and may be corrected at any Time independent of the feft. 
This Way of carrying on a geometrical Survey, whether inland or 
maritim, will appear evidently to be much more perfect than thofe 
commonly practifed ; and to furpafs them, not only in Accuracy, 
but in Expedition; and is the only Method from which an exa@ 
extenfive Survey is to be expe@ted. Other Methods of furveying are 
defective either in their Foundation, or their Procedure, or in both: 
and their Errors, generally, flip infenfibly into all the Parts of a 
Survey, increafing as it goes on. ‘Thence it is, that fo few Surveys 
have been continued beyond the Extent of a large Bay, or River; 
that the Errors of former Draughts are not to be correéted without 
an intire new Survey; that fome Places have been furveyed again 
and again, yet im Procefs of Time are found to require it anew ; 
and that fo few Draughts are to be met with that anfwer the End 
for 
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for which they are’intended, viz. to dire& Ships into fafe Anchorage 
without a Pilot. ‘he Defign of the following Sheets is, to explain 
and recommend to more general Pradtice, the ftafimetric Manner 
of furveying ; to render future Dranghts of the Sea-coaft more com- 
plete and ferviceable than what have been hitherto offered to the 
Public; and to dire& fea-faring Gentlemen, who have gone through 
a Courfe of Navigation, how to make ufeful Draughts of fuch Bays 
or Flarbours as they may occafionally be in; and by Means of fuch 
Inftruments only as Scamen are commonly provided with, 
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Inches Feet 
| The Englith Foot is 12 A Yard - - ° 3 
The Paris Foot 12,788 A Fathom - - - 6 
‘The Amfterdam Foot’ 11,172 © A Cable-Length 100 Fathom, or 600 


‘i i ‘The Danifh great Foot 12,465 
i The Swedifh Foot , 11,692 


Hi} 
a Yards 
| iM An Englifh Statute Mile is - 2 a - 1760 
AANA A Geometrical Mile - - - 2038,6 
| A League, 3 Geometrical Miles - - - -6115,8 

al A French League, called Lieu legale - a 3990546 
iM A SeaLeague of France - ~ - - = = 63945375 
| ‘The Dutch League of 18000 Rhinland Feet -  - 6186 


The common German Mile of 22800 Rhinland Feet 7829,666 


ore er nr ee 
, . 
‘ 


The League of Sweden 30000 Rhinland Feet = - 10310 
Englith Miles 

A Degree of the Meridian in Britain - 69,5 
A Degree at the Equator - - 15 67575 

| A Degree at the Pole - - - FOI 

| The Chord of one Degree of the Meridian 69,150 
‘The Chord of half a Degree - - 34,960 . 
‘The Diameter of the Earth - - 7910; or, 41798117 Feet} 
The Sun’s Semidiameter about the Equinoxes is meee 1° 
About the Middle of Summer is - - - 15 nae 
About the Middle of Winter is = = = - 16, 150 
The Sun’s greateft Declination is a ee 23°, 28’, Gi 


Geometrical Miles in a Degree of Longitude. 


Deg. of Lat. o 5 10 15 20 25 30 ae 40 
Miles and Parts.| 60 | 59,77 | 59,09 |57595 | 56,28 | 54,38] 51,96 | 49.15 | 45296 


Deg. of Lat. 45 55 60 65 7° 75 
iles and Parts.} 42,43 |.38,57 | 34,41 | 30,00 
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Containing the. geometrical Principles and other Pre- 


reguifites of Surveying. 


Cuap. 1. Of the Principles and Pre-requifites in general. 2. Tri- 
gonometrical Solutions. 3. Longimetrical Operations and Pro- 
blems. 4. Examination of Inftruments. 5. Meridional Problems, 
and.the Variation of-the Needle. 


CAPT eAs: Ps cd: 


Of the geometrical Principles, and other Pre-requifites of Surveying, in general. 


EFORE one undertakes a geometrical Survey of the Sea-coaft,. it 
B will be found of Advantage to have learned Drawing; at leaft fo 
much of it as to be capable of fhading with Indian-ink, or etching with a 
Pen, Hills, Rocks, Cliffs, miniature Buildings, and the Coaft-line of a Map ; 
of fketching, from Nature, the Out-lines of them; and of taking diftant 
Views of the Land, from Sea. This can only be attained by long Practice, 
together with a few Inftructions from a Drawing-mafter. A~ Surveyor who 
is not capable of fketching readily, and fhading with fome Neatnefs, ought 
to have a Drawer along with him for that Purpofe, 


He fhould alfo be acquainted with the Elements of Geometry and Aftro- 
nomy ; at leaft with as much as is taught in a:common Courfe of Navigation ; 
fo as to be ready in protracting Lines and Angles, and calculating the Cafes 
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of plain and {pherical Trigonometry by logarithmic Tables, when the Pro- 
portions are ftated ; and applying the former to the Menfuration of Dif 
tances, and the latter to that of fpherical Arcs and Angles; of taking the 
Altitude of the Sun, or a Star, with a Quadrant on Sea and Land, and 
from thence finding the Latitude of a Place; and of knowing by the Eye 
a few of the fixt Stars, efpecially fuch as are near the elevated Pole. 


He fhould alfo make himfelf acquainted with the Structure of the prin- 
cipal inftruments ufed in furveying; fuch as the Theodolite, the aftronomical 
Quadrant, and Hadley’s Octant, or Sextant ; and. underftand how to ex- 
amin, adjuft, and-obferve with them. If he is defective in any of the above 
Particulars, his Operations and Obfervations will be tedious and inaccurate, 
er his Draughts void of Neatnefs and Elegance. 


Gi PURAT DL 


T; rigonometrical Solutions. 


HE Cafes in plain Trigonometry that occur in furveying, are the 
four following. 


1. Having two Angles of a Triangle, and a Side oppofite to one of them, 
to find another Side; ufe the following Proportion. 

As the Sine of the Angle oppofite to the Side given, 

Is to the Sine of the Angle oppofite to the Side required; 

So is the Side given, 

To the Side required. 


2. Having two Sides and an Angle oppofite to one of them, to find an- 
other Angle; ufe the following Proportion. 
As the Side oppofite to the Angle given, 
fs to the Side oppofite to the Angle required x 
So ts the Sine of the Angle given, 
To the Sine of the Angle requir’d. 
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In the above Cafes, it will affift the Memory to obferve, that when a Side 
#s wanted, the Proportion muft begin with an Anole; and when aa Angle 
is wanted, it muft begin with a Side, 


3. Having two Sides of a Triangle, and the included Angle, to find the 

other Angles, and Side; ufe the following Proportion, 

As the Sum of the two given Sides, 

ds to their Difference, 

So is the Tangent of balf the Sum of the two unknown Angles, 

Zo the Tangent of balf their Difference. 
Then half their Difference (thus found) added to half iieit Sum, will be 
the greateft of the two Angles fought; which is the Angle oppofite to the 
prenel Side. If the third Side is wikia: it may be found by Solution I. 
i two Angles are known, and a Side oppofite to one of them. 


4. The three Sides of a Triangle being given, from thence to find the 
Angles ; proceed by the following Steps and Proportions. 


ears Loe rel ise ds 


1. Let ABC be the Triangle: make the. longeft Side A B the Bafe: 
from C, the Angle oppofite to the Bafe, let fall the Perpendicular C D, on 
AB, which will divide the Bafe into two Segments A D and DB. Then, 


2. Find the Difference of A D and D B, by the fgllowing Proportion, 
As the Bafe AB, 
Is to the Sum of the other Sidés(A'‘C + BC) 
So is the Difference of the Sides (A C — BC) 
To the Difference of the Segments of the Bafe(A°7D —D B.) 
Half the Difference of thefe Segments (thus ifound)-added-to the half of 
AB, gives the greateft-‘Seament AD ; -or fubtra&ted, leaves the leaft D B, 
Then, 


3. In the Triangle A ‘DC, bySol.-2. find the Angle ACD : for.the.two 
Sides A D and A Cc are known, and the right Angle at D is oppofite to 
one of them. The-Complement of AC D is the Angle A. ‘Then, 

B 2 4. 1g 
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4, In the Triangle ABC, you have two Sides A B and B C, and the 
Angele at A oppofite to-one of them; from’ thence (by Sol. 2.) find the 
Angles C and B required. a 
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Longimetrical Operations.and Problems. 


Sit Centon atiteaR Aol LGN at 
How to proceed in meafuring a ftraight Line.. 


EFORE. any Diftance can, be meafured trigonometrically, the Leneth 

of one ftraight Line, or Diftance, muft, be firft found mechan 

by meafuring it on a Plane with a Pole or Chain. And as this, Menfuration 

is more or lefs exact, fo will all the other Diftances be that are deduced from 

it. The. utmoft care therefore ought to be taken in meafuring this firft 

Diftance, or fundamental Bafe-line, exactly ;and all Sources of Error in 

the Operation guarded again{ft, as much as poffible. The following Di- 
rections will be found fufficiently exact for.any Survey. 


1. Prepare a Meafuring-pole 20 or. 30 Feet: long,, precifely meafured, 
sae at one End, and a firm-oblong Ring,at the other; or a Chain 60 Feet 
long : three Poles, each .1a Feet lone, with white, or dark-coloured F lags, 
to be tied to their Tops, according as “hes may appear on the Land, or 

ewegh youand the Sky.;\ 12; Poles, each. 5 or 6 Feet long; witha {mall Flag 
on. “every fourth Pole: four iron Reels and Stakes, fuch as Gardners ufe, 
with about 200 Yards of {mall Cord to each Reel: 20 cylindrical Pins for 
counting the Number of Poles, or Chains; \as.you.are meafuring, each about 
8 Inches long, and fharpened ‘atthe. Point for piercing, the Ground eafily = 
two’ wide-mouth’d Canyas-pockets -to carry the Pins jin, with Strings for 
tying one of them round. the Middle of each of the Meafurers, 


z. Pitch on a level Plane, as long as can be had; fuch as a fmooth Sand; 
a Salt-marth, or (which is by far the beft) a. frozen Laksie 


In this Pine, chufe ete Dir ection for the aan to meafured,. as: that 
the principal Objects’ whofe Diftances arerequired, may be {een from both 
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its Extremities ; and that the ereateft Angle any of thefe Objects make with 
it, may not be too oblique (or not above 140 Degrees :} and, if convenient 
otherwife, let one End of this Line run dire¢tly on fome remarkable Part of 
a remote Object; fo that, at the other End, its Direction may be readily 
found, at any time, by that Object. 





4, At each End of the Line to be meafured, fet up a long Pole, with a 
white Flag flying at the Top of that which appears on the Land or a dark 
Flag on that which appears between you and the Sky, or on white Sand; fo 
that they may be eafily feen from each other: about the Middle between 
thefe two fet up the other long Pole, exa¢tly in aLine with them: and ina 
right Line between thefe three fet up fhorter Poles all along, about. 200 
Yards afunder, with a Flag at the Top of every fourth or fifth Pole. 


5. Stretch a Line, or Cord, from Pole to-Pole, touching the fame Side 
of each Pole as it paffes them. 


6. Immediately before you begin meafuring along thefe Lines, try the 
Leneth of your Meafurine-pole, or Chain, with a Six-foot mahogany Rod 
divided into Feet; one of the Feet into Inches and Tenths of an Inch; the 
Thicknefs of the Wire of the Ring at the End of the Meafuring-pole is 
not to be included in its Length: Count alfo the Pins, put them in the 
Canvas-pocket, and give them all to the Leader, or foremoft Man, thar 


carries the Pole. 


7. Lay the Meafurine-pole exaétly along the Cords, with the Ring at the 
Part you begin. the Meafurement, from, and its Square-end foremolt ; at the 
Square-end, juft touching it in the Middle, the Leader is to fet down a 
Pin, and to go on with the Pole until the Follower (or he who carries the 
‘Ring-end) comes up to that Pin,: and. puts the Ring round it ;, then the 
Leader laying the Pole exactly along the Cord, muft thruft down another 
Pinvat the Square-end. When that is done, he calls to the Follower, who 
muft.take up.the Pin inthe Ring, put it. into the Canvas-pocket. which is 
tied round his Middle, and:.go.on to the next Pin, putting the Ring round 
at; and when the Leader has put, down another, Pin, and called, then the 
Follower mufttake his Pin up, put it in the Pocket, and go on to the next, 


aS 


See ——— ae — 
- S 


SS 
























SSS 











6 MARITIM SURVEYING. Part 1, 


as before, proceeding in this manner til] all the Pins are put down by one, 
and taken up by the other. Then leaving the Meafuring-pole exactly 
placed along the Cord, without a Pin at any of its Ends, let the Pins be 
counted over, to be. fure that none are wanting, and the Number marked 
down on Paper, and all of them given back to the Leader, to begin anew, 
by placing a Pin at his End of the Pole, as it lies along the Line, which 
the Follower is to put his Ring round, and take up as before, and fo go on 
till the whole Diftance propofed 1s meatured. 


The Ufe of the Ring at one End of the Pole, inftead of laying one Pole 
at the End of another, is, to confine the Meafurers to more Exaétne(s ; 
which will be found a neceffary Precaution for a Surveyor.” 


A Chain is not fo exact for meafuring with, when great Precifion is re- 
quired, as a Pole; but is much more conveniently carried; and, when 
Care is taken to lay it ftraight, and to prevent the Links from riding ‘on one 
another, it will be found fufficiently exact on moft Occafions, 


8. If the Sand meafured has a fenfible and gradual Declivity, as from 
High-water Mark to Low-water, then the Length meafured may be reduced 
to the horizontal Diftance (which is the proper Diftance) by making the 
perpendicular Rife of the Tide, one Side of a richt-angled Triangle, the 
Diftance meafured along the Sand the Hypothenufe, and from thence finding 
the other Side trigonometrically, or by Protraction on Paper. which will be 
the true Length of the Bafe-line. If the Plane meafured is on the dry Land, 
and there is a fenfible Declivity there, the Height of the Defcent muft be 
taken by a Spirit-level, or by a Quadrant, and that made the perpendi- 
cular Side cf the Triangle. 


If, in a Bay, one ftraight Line of a fufficient Length cannot be meafured, 
let two, or three Lines, forming ‘Angles with eachother, like-the Sides\of a 
Polygon, be meafured on the Sand along the Circuit sof the ‘Bay ; sthefe 
Angles carefully taken witha Theodolite, and exaétly protracted, oricalcu- 
lated, will give the ftraight Diftance between the two fartheft Extremities-of 
the firftand laft Line. In taking the Angles, let the Center of the Theodo- 
lite be placed exactly over the Point where the two Sides:meet, bya, Plum- 

3 met, 
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MARITIM SURVEYING. 7 


met, or by dropping a Stone down; and let Poles be fet ftraight up in the 
Ends of the two Sides that form the Angle? fora fmall Error in the Angle, 
efpecially in the firft, will often make a confiderable Error in the Diftance 
deduced from it. 


Chap. 3. 


Some Surveyors meafure their Diftances by a Wheel. But as a Wheel has 
a {mall ferpentine Motion from Side to Side, occafioned by the Steps of the 
Perfon that leads it; and befides, traces all the little Inequalities of the Ground, 
which, however {mooth to Appearance, no Plane (if it is not {mooth Ice) 
is quite free from; this way of meafuring cannot be reckoned fufficiently 
exact for a fundamental Bafe-line. Much lefs is any Diftance meafured “by 
a Line, or Rope, to be efteemed fufficiently exact: for that will lengthen 
more, or lefs, by the ‘Strength applied in ftretching it along the Ground ; 
and likewife lengthens, or fhortens, by the various Degrees of Heat, or 
Moifture in the Air, or on the Plane meafured. 


OR oR VAT 5 ON ra, 


How to meafure a firaight Line on the Surface of the Sea. 


Firft, prepare a Meafuring-line of ftrong Cord, two or three hundred 
Yards in Length, with {mall Pieces of Cork of equal Thicknefs made fatt 
to it at {mall Diftances, all along, like a Fifhing-net, fo that it may float 
ftraight on the Surface of the Water : if the Line has been well ftretched, or 
much ufed before, it is the better: alfo prepare two Ropes fomewhat longer 
than the greateft Depth of the Water to be meafured, with a Pig of Lead or 
Tron Ballaft (which we fhall call an Anchor) 50 or.60 Pounds-weight, tied by 
the Middle to one End of each. Rope, that when it is at the Bottom it may be 
able to anchor a Boat, and bear to be ftretched ftraight without fhifting the 
Place of the Anchor. Let the Meafuring-line be thoroughly wet immediately 
before you begin to ufe it, and then ftretched on the Water clofe by the Shore, 
and its Length meafured there witha Pole. Then, in the Direction intended 
to. be meafured, take two remarkable fharp Objects on the Land in a Line, 
one near the Shore, the other as far up in the Country as you can: if fuch 
are not to be had, place Buoys on the Water at proper Diftances. in that 
Direction, 
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2. Take the Objeéts, or Buoys, in a Line, and holding one End of the 
Meafuring-line faft on the Shore, carry out the other in a Boat, in that Di- 
rection, till itis ftretched ftraight at its full Length by one Man in the Boat, 
and exaétly at the End of the Line let another Man drop the Anchor, which 
will mark one Length of it. There keep the Boat, and the End of the 
Meafuring-line, clofe to the Anchor-rope, drawn right up and down, till an- 
other Boat takes in the other End which was on the Shore, and rows farther 
on, and lays it ftraight in the Direction of the Land-marks, or Buoys, and 
there drops another Anchor, which will mark the fecond Leneth of the 
Meafuring-line. Go on thus till the whole propofed Diftance is meafured ; 
and immediately after let the Meafuring-lne be again meafured with a Pole 
on the Water near the Shore, as at firft, and if the Lengths differ, take the 
mean between them for the true Length. It is obvious, that to meafure 
with any Exaétnefs this way, the Sea muft not only be fmooth, but void 
of a Swell, and of all Stream of Tide; either of which will hinder the 
Line to lie ftraight. This Method of meafuring a ftraight Line may be 
convenient on fome Occafions; and if Care is taken to keep the Anchor- 
rope right up and down when the Meafuring-line is applied to it, will be 
found fufficiently exact for many Purpofes, but not for a fundamental Bafe- 
line from which other Diftances are to be deduced. 


There is another way of meafuring a ftraight Line, mechanically, on the 
Sea, which is fo well known to Seamen, that it 1s needlefs to defcribe:it par- 
ticularly here: and that is, by heaving the Log over a Ship’s Stern while 
fhe is under fail, and obferving how many Knots of the Log-line runs out 
in half.a Minute; for the Line is fo divided that the Ship will run (or, is 
fuppofed to run) fo many miles in an Hour, in a ftraight Courfe; and twice 
as much in two Hours, and foon. But this Conclufion is founded on three 
Suppofitions, neither of which are certain, viz. That the Log remains in the 
farne Place during the whole half Minute that the Line is running out. from 
the Ship’s Stern ; that the Ship continues to fail with the fame Velocity, and 
alfo in the fame Direction, during an Hour, or two, that fhe did during the 
half Minute: the contrary of which is more likely in moft Cafes. For the 
Log-line may fhrink, or ftretch, while it is running out, or may drag after 
the Vefiel by the Weight of the Line, or by not running eafily and readily 
off the Reel; the Swell of the Sea may alter the Place of the Log; and 
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i re ef 
Currents or Streams of Tide, ftronger or weaker below the Surface than at 


it, an unfteady Helm, Lee-way, and varying Winds may change the Di- 
rection, or Celerity of the Ship’s Motion ; for neither of which can any cer- 
tain Allowance be made... This way, therefore, of meafuring a ftraight 
Line, or Diftance, is not to be depended on as exa&t: but is mentioned here, 
becaufe Rocks, Shoals, or Iflands fometimes lie fo far from the Coaft, that 
there is no other way of forming any Notion of their Diftance. If any fuch 
Diftance is to be meatured after this manner, let the Log-line be thoroughly 
wet when it is meafured ; let the Length between each Knot be 51 Feet, 
which is the Hundred-and-twenticth Part of a geometrical Mile, as half a 
Minute is +sth Part of an Hour; chuile Neap-Tide, as much flack Water 
as can be got, and a moderate Breeze of following Wind; let the Line be 
run off the Reel fo as never to be ftretched quite {traight ; and if the Fialf- 
minute is meafured by a Watch that fhews Seconds, rather than by a Glafs, 
it will generally be more exaét. Perhaps one Second fhould be allowed for 
the Lofs of Time in calling out at the Beginning, and ftopping it at the End 
of the Time; except the Perfon who holds the Watch can contrive to ob- 
ferve the going out of the red Rag at the Beginning, and alfo to ftp the 
Line himfelf at the End of the Time; which does not feem a dificult 


Matter. 


OPERATION Iil, 
To find the Diflance of two Places, by the Flafh and Report of a Gun. 


Stand in one of the Places with a Stop-watch in your Hand; the Watch 
ftopt with the Second-hand at 60, and your Finger at the Stopper: let a Gun 
be fired at the other Place, at an appointed time. When you fee the Flafh, 
or Smoke, that inftant fet the Watch agoing ;’ and immediately as you hear 
the Report, ftop it; and it will fhew the Number of Seconds of Time be- 
tween ‘the Flath and Report. By that Number multiply 1142, and the 
Product will be the Diftance of the two Places in Feet: for Sound is found 
to move 1142 Feet in a Second. 


This Operation fhould be repeated two or three Times, for more Certainty ; 
and the exacteft of them, if it is certainly known, fixed on for the true Time: 
C or 












SE LN 


a 


LOLOL IPM IPI ILA I PIAL | EIPP POP RIL 


ee 


PS errr tes mee en 


re [FRR 


10 MARITIM SURVEYING. Patt r: 


ora Mean of all, if no Diftinction can be made. It fhould alfo be per- 
formed when there is little Wind , for a Breeze of Wind, with or againft the 
found, is found to quicken or retard it a little. It is likely that fome fmall 
Variation may alfo arife from different Degrees of Denfity, and Elafticity in 
the Air; the former retarding, and the latter accelerating Sound. But this 
has not yet been afcertained by Experiments. 


By this way of meafuring Diftances, fuch as are not more than two Miles 
cannot be reckoned exact; becaufe of the Difficulty of fetting the Watch 
agoing, and {topping it at the precife Times ; which may caufe an Error of, 
at leaft; one Quarter of a Second or go Yards, which is too much in fo 
fhort a Diftance. If the Diftance is four Miles, or more, it may be reckoned 
fufficiently exact for ordinary Purpofes. I incline to think, if half a Second 
is allowed for the Time loft in ftopping the Watch and fetting it agoing, that, 
after a little Practice, one may meafure two Miles pretty exactly by this 
Method ; provided the State of the Air is fuch as it was when the Experi- 
ments for determining the Velocity of Sound were made. 


It is to be wifhed that thofe Experiments were repeated over again by 
fome careful Perfon, who would attend to the feveral Circumftances of the 
Air and Wind that might affect the Celerity of Sound, and’ publifh the 
Effect of each, for the Conveniency of Surveyors, and: the farther Satisfa¢tion: 
of the Curious. 
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Longimetrical Problems. 


PROB. I. 

Having the Length of a Bafe-line X Y, to find the Diftanee of two, or more: 
remote Objecis A, B and C, from it, and from each other. 
PLATT eee FG. 

BuY, PB RoOm mee A, C Td Og 


With a Theodolite, or Hadley’s Quadrant, at one End of. the Baféline. 
X, take the Ancles YX A, Y XB, YX.C; at the other End Y, take the 


Angles 
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Angles X Y A, XY B, X YC, and write them down ina Book. Then 
draw a Line on the Paper of a fufficient Length, and in a convenient Pofition: 
pitch on any convenient Part of that Line for the Point Xs and taking the 
Length of X Y from a Scale of equal Parts, fet it off from X to Y > at X 
draw the obferved Angle Y X A; and at the other End Y, draw the 
obferved Angle X Y A, and the Interfeétion of thefe two Lines will 
be the Point A; and X A, meafured on the Scale from which X Y was 
taken, will be the Diftance of A from X. In the fame manner the Points 
B, or C, may be determined ; and the Length of A B, or B C, meafured on 


Chap. 3. 


the Scale, will give the Diftance of A from B, or B from C:: and fo for’ 


any other Points whofe Diftances are required, whether they lie on one Side 
of the Bafe-line or the other. 


Let it be obferved, that if X Y is drawn on the Paper according to its 
magnetic Direction, then the Points A, B, and C, will likewife be in their 
magnetic Directions from! X and Y, and from each other. 


To render protra&ted Diftances more exact, the Length of the Bafe-line 
fhould not be Jefs than one feventh, or one eighth Part, of the Diftance of 
the fartheft Objeét ; none of the ‘Angles fhould be too oblique, or above 140 
Degrees ; the Protractor fhould be at leaft 12 Inches Diameter, and each 
Degree fubdivided into four Parts; or more minutely by an Index with a 
vernier Scale on it. 
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In the Triangle X Y A there are given the meafured Side X Y, and the’ 
obferved Angles Y X A and X Y A, and therefore the Angle Y A X, their 
Compliment to 180°; that is, two Angles and a Side oppofite to one of 
them : therefore, (by Trigon. Sol. 1. Page 2.) the Side X A may be found. 
In the fame manner, in the Triangle X Y B, may XB or YB be found. 
Then, in the Triangle A XB, there are given the two Sides X A and X B, 
and the included Angle (the Difference of the obferved Angles Y X A and 
Y X B;) hence AB may be found, by Trigon. Sol. 3. Page 3, 
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PROBE, II. 


To find the Diftance of two Places, when the Latitudes, their Bearing by the 
magnetic Needle, and the Variation of the Needle are known. 


jd apes tO Ode tarsal i lee A BLE: 


BY: *Po ROT Rvs, C Lf a Oan, 


1. Draw the Line X A right up and down on the Paper, for the maenetic 
Meridian. 


2. Pitch on a convenient Point X in that Line, to reprefent one of the 
Places ; and at the Point X make the Angle A X B equal to the Variation, 
and on the Eaft-fide of X A, if the Variation is Weft; but on the Weft-fide. 
of it, if the Variation is Eaft; and XB will be the true Meridian. _ 


3. At X make the Angle AX Y equal to the magnetic Bearing of the 
other Place from X. 


4. Take from a Scale of equal Parts the Difference of Latitude of the 
two Places in geometrical Miles, and fet it off on the true Meridian from 
xX to B. 


5 At B raife a Perpendicular BY cutting X Y in Y; and the Point ¥ 
will be the other Place; and X Y, meafured on the Scale, will be the Dif- 
tance of the two Places in geometrical Miles. 


If their Diftance is wanted in Englifh Miles, fay, as 60 is to 69, 5 fo is 
their Diftance in geometrical Miles, to their Diftance in Englifh Miles: for 
69 and a half Englifh Miles make 60 geometrical Miles, 


Bev iC Ga Ud: AST kOeNs 


In the right-angled Triangle Y BX, there is given the Angle Y X B, in 
this Cafe, equal to the Bearing of Y and Variation of the Needle together; 
3 and 
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MARITIM SURVEYING. 13 


and therefore the Angle at Y 1s alfo known; and the Side X B oppofite to 
one of them: hence (by Trigon. Sol. 1.) X Y is found. 


Chap. 3. 


In this Problem, the greater the Difference of Latitude of the two Places 
is, and the nearer they are to the fame Meridian, their Diftance will come 
out the more exact. For, an Error of half a Minute can hardly be avoided 
in the Latitudes, though taken with the beft portable Quadrant; nor an 
Error of 15 Minutes, fometimes, in the Bearing of Y from X, though taken 
with the beft Needle: more efpecially as the Polarity of Needles is found to 
vary, in the fame Place, above zo Minutes in a Day, according to the State 
of the Atmofphere, as is thought. To be fufficiently exact, therefore, the 
Difference of Latitude of the Places fhould be no lefs than 15 Miles, and 
the Angle B X Y no greater than 45 Degrees, 


The Accuracy of this Problem depends chiefly on the Accuracy of the 
two Latitudes: for fuppofing the Needle to be twenty Minutes wrong, it 
will not occafion an Error of a Quarter of a Mile in a Diftance of thirty 
Miles, if the Interfection of the Bearings is nat oblique: and therefore, if 
the Quadrant with which the Latitudes are found, and the Obfervations 
hkewife, are not known to be good, the Diftance deduced from them is not 
to be depended on as exaét. In calculating the Latitudes by the Sun’s Me- 
Fidian Altitude, remember to make the proper Allowance for the Sun’s Semi- 
diameter, (at a Medium 164, as inthe Table, Page 17,) the Refraction, Va- 
riation of the Sun’s Declination for the Time between your Meridian and the 
Meridian of the Tables; and if the Altitude is taken with Hadley’s Qua- 
drant, by the vifible Horizon, make Allowance alfo for the Depreffion of the 
Horizon, or Altitude of the Eye above the Surface of the Sea; according 
to the Table in Page 18. 


Here it may be obferved, that the Diftance between X and Y, thus 
found, is the Length of an Arc of a great Circle of the Earth between 
thefe two Stations, and not the ftraight Line, or fhorteft Diftance. The 
Chord of that Arc is the true Diftance to be ufed in Surveying. Therefore 
inftead of X Y meafured by two L.atidudes, take its Chord, which is twice 
the Sine of half the Arc. The Proportions between the following Arcs 
and their Chords were found by the Tables of natural Sines by faying, As 
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the Radius of the Tables, is to the natural Sine of half the given Arc, fo is 
the Radius of the Earth to a fourth Number; which doubled, is the 
Chord required. If X Y therefore is found by two Latitudes to be 69% 

lifh Miles, the Chord of that Arc, or fhorteft Diftance bésween X and 
Y¥ is only 69 Miles and 150 Yards: if the Arc is 343 Miles, its Chord ig 
342 Miles and 80 Yards: if the Arc.is 20 Miles, its Chord will be 192 


Miles and 264 Yards nearly. If the Arc meafured is lefs: than twenty 
Miles, its Chord may be reckoned the fame with the Arc. 


If, in Practice, it fhall happen that Y cannot be feen from X ; of that, 
becaufe of their Diftance, both Points cannot be included in the fame 
Draught; in thefe Cafes, to avoid the Trouble and Lofs of Time in finding 
the Latitude of. another Place inftead of X, pitch on fome other Station 
nearer Y, as S, whofe Diftance and Direction from X is determined on the 
Draught, and where Y can be feen: find its Latitude, by letting fall the 
Perpendicular S b on tht true Meridian drawn through X;,and b X mea- 
fured on the Scale and reduced to geometrical Miles, will be the Difference 
of Latitude between X and S: which added to, or fubtraéted from, the 
Latitude of X (as S is northward or fouthward of it) will be the Latitude of 
5. Then, having the Latitude of S and of Y, find their Diftance, as be- 
fore directed. 


To find bow much the Suns Declination, at any Place, differs from the 
Dechnation in the Table. 


Judge, as near as you can, what the Difference of Longitude is, in Time, 
between the Place of Obfervation, and the Place for which the Table of De- 
clination is calculated. Then, fubtraét the Declination for the Day of Ob- 
fervation, and for the Day next following, from each other, and the Re- 
mainder will be the Variation of Declination for one Day, or 24 Hours ; 
and allow a twenty-fourth Part of that Variation for evety Hour between 
your Meridian and the Meridian of the Table of Declination. For Example: 
fuppofe the Variation of the Sun’s Declination in 24 Hours, is found by the 
Table to be ten Minutes; and the Longitude of the Place of Obfervation, 
from the Place for which the Table of Declination is calculated, is 45 De- 
grees, or 3 Hours; then ftate the Proportion thus, 

As 
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As 24 Hours: ts to 10’: : fo is 3 Hours : to 14, 15/,, Which w, 15/ 
is to be added to, or fubtracted from, the Declination in the Table, according 
to the Circumftances following. 


o ‘ 


When the Sun's Dechnation is increafing : if you are eaftward of -the Me- 
ridian of the Table, the Remainder muft be fubtra@ed from the Declina- 
tion in the Table: but if you are weftward of the Meridian of. the Table, 
it muft be added, to give the Sun’s Declination at the Place of ( Obfervation. 


So eat aa ea on 


When the Suns Declination is decreafing : if you are eaftward of the 
Meridian of the Table, the Remainder muft be added to the Declination in the 
Table: if you are weftward, it muft be fubtraéted from it, to sive the De- 
clination at the Place of Obfervation.. 


Within three, or four, Days of the Solftices,.an Error. of 30, or 40 Decrees 
in the Longitude of the Places, will make no fenfible Error in the Sun’s: 
Declination : but when the Sun is within 10 Degrees of the Equinoxes, to be 
fufficiently exact in the Declination, the Lowenie fhould be known to half 
an Hour, or § Degrees. 


A fure and ready Way. to find, whether the. Sun’s Declination, or Zenith Diftance 
is ta be added or fubtratied, to produce the Latitude. 


Let it be obferved, that if the Sun’s Place in the Eclyptic is transferred 
to the Earth, or, marked:by a-Point on the Meridian of a Place ; then, the 
Sun’s Meridian Zenith Diftance, obtained by the Quadrant, 1s equal to the 
Diftance of that Point from the Place of Obfervation: and therefore, when 
the Diftance of the Sun (or the ‘Point which reprefents it) from the Equator, 
is known, the Diftance of the Place of Obfervation from. the Equator will. 
likewife be known. 


Ey Atos) J, FRG. Ve 


If therefore a. Circle N EP Q is made by Hand,. reprefenting a Meridian 
on the Earth, and a Line E Q, for the Equator,.drawn through the Middle 
of it; then a Point S, reprefenting the Sun’s Place, marked by Guefs on the 
Circle ; 
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Circle ;-but on the North, or South Side of the Equator-line, as. the Sun’s 
Declination is North or South; and another Point Z, for the Place of Ob- 
fervation, North from S, if the Sun is South at Mid-day ; but South of S, if 
the Sun is North at Mid-day : then by infpecting that Figure, it will be eafy 
to fee whether the Declination, or Zenith Diftance, is to be added or fub- 
tracted from each other, to give ZE, the Latitude, or Diftance of the 
Place from the Equator. In this Cafe, it is obvious, that the Declination 
S E muft be added to Z S the Zenith Diftance, to give Z E the Diftance of 
the Place from the Equator. Again, let s be the Sun’s Place, then Z s 1s 
the Zenith Diftance, from which sE muft he fubtracted to give Z E the 
Diftance from the Equator. Again, if s is the Sun’s Place, and z the Place 
of Obfervation, the Sun being fuppofed North at Mid-day; then zs is the 
Zenith Diftance, to which s FE, the Declination, muft be added, to givez E, 
the Diftance of z from the Equator. If z falls between s and FE, then the 
Zenith Diftance mult be fubtracéted from the Declination to give the Latitude : 
as will be manifeft by marking the Points properly on the Figure. 


ER OF Bee ik 
. To find the Latitude of a Place which is inacceffible. 


Firft find the Variation of the Needle; then, by the Direétion of the 
Needle, pitch on a convenient Place which bears due Eaft, or due Weft, 
from the inacceffible Place whofe Latitude is required ; there find the Lati- 
tude, and that will be the Latitude of the other likewife : for both are in the 
fame Parallel. 


The: nearer the Place of Obfervation is to the other, the more exactly will 
the Latitudes agree; becaufe they will be lefs affected. by any Inaccuracy in 
the Bearing by the Needle. 
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A TABLE of the RefraGtion of the Heavenly Bodies 
in Altitude. 
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A TABLE of the Depreffion, or Dip, of the 
| Horizon of the Sea. 









Height of{Depreffion 
the Eye a-jof the Ho-| 
bove theijrizon of 
SeainFeet.jthe Sea. | 


( 
Height of Depreffion} Height of/Depreffion 
[the Eye a-\of the Ho-| the Eye a-jof the Ho- 
Ibove the'rizon of}bove. thejrizon of 
fSeainFeet.'the Sea. | SeainFeet.jthe Sea. 
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PiR OB. TY. 


Having the Diftances of three Points, A, B and C, either in a ftraight Ling, 
or forming a Triangle; at any Station S, without the Triangle, to find its: 
Diftance froin thefe Points. 


PLAT Ah Pie. V. 


BY, PROP R A C.F F ON 


At S, with a Theodolité, or Hadley’s Sextant, take the Ancles A'S C 
and CSB: then, making AB (the Side which fubtends the greateft 
Angle, and is oppofite to the middiemoft Point) the Bafe, at B, make the 
Angle A B'D equal to the Angle A'S C, and lying on that Side of A B 
which is fartheft from S; and at A, make the Angle B A D equal to 
CS B, interfecting A Din D; draw a Circle paffing through the three 
Points 
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Points A, D, B, and it will alfo pafs through S: draw out the Line C D, 
and it will cut the Circle in S, the Point of Station required, 


Demonftration. ‘The Angles ASD and ABD are equal, for they 
ftand in the fame Segment AS BD (Eucl. B. III. Prop. 21.) ASD is 
therefore equal to the firft obferved Angle. Inthe fame manner, B S D 
and B A D are equal, for they ftand in the fame Segment D ASB; and 
D S B is therefore equal to the other obferved Angle; and S the Point of 
Station, and S A, SC, S B, the Diftances required. 


Bay CoA CLUE AT TON, 


1. In the Triancle ABC, the Sides being known, the Angles are 
found by Trig. Sol. 4. Page 3. 


2. Inthe Triangle ABD, the Side A Bis given by Suppofition; and 
the Angles DAB and DBA equal, refpectively, to the correfponding 
obferved Angles; therefore the Angle at D is alfo known: from thence (by 
Trig. Sol. 1.) find the Side AD. Then, 


3. In the Triangle C A D, the Sides C A and A D are known, and the’ 
included Angle C A D (which is what B A D wants of B A C) from thence 
<by Trig. Sol. 3.) find AC D. Then, 


4. In the Triangle A S C, two Angles AS C and ACS, and the Side 
AC oppofite to one of them, are known; from thence (by Trig. Sol, 1.) A'S 
may be found. In the fame manner may S B or S C be found. 


If the Point C is on the other Side of A B, towards S, or in the Line 
A B, it is obvious that S may be found in the fame manner; the fame Pro- 
traction, and Calculation, ferving for each of thefe Cafes. 


EeLG. Vii 


If it thall happen that the Points C and D fall fo near each other, that 


in protracting, C D is produced with Uncertainty, which will happen 
D2 when 
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ae 


when the Point C lics beyond A By and the obferved Anele A S C js nearly 
equal to the Angle A BC, and the other obferved Angle CS B is nearly 
equal to the Angle C A B. In which Cafe take the Point C on the Side of 
A Bwhichis next to S, as at K > or, fhift your Station nearer to, or farther 
from C, and find the Pofition of that Station, and then its Diftance from S- 
Or, on CB, make the Anole C BD. equal to the obferved Angle 
ASC, and the Angle B-C D equal to the Supplement to 180° of both 
the obferved Angles A S-.B; then. the InterfeGion of thefe Sides will’ be 
the Point D: draw a Circle paffing though the Points B,. Cy Dy and: AD 
produced, will cut that Circle in $, the Point of Station required. For, 





BS DC being a quadrilateral Figure infcribed in a Circle, BS D is the: 
Supplement of BC D to 180° (by Fucl.. B. III. Prop. 22.) and’ by Con- 
ftruction equal to the two obferved Angles: and AS CandDBC being 
equal, as {tanding on the fame Arc DC ; ASC mutt be the firft obferved. 
Angle, and CSB (the Remainder of ASB) the others and:S therefore. 
the Point of Station: 





Here it may be obferved, that. the Diftance of an Object found in this 
manner by Hadley’s Sextant, is the real aerial Diftance in a ftraight Line 
from the Eye to the Object; but it is the level Diftance that is neceffary. in 
furveying. If the Objeét therefore is on a Hill, or Eminence, that’ is near; 
and of confiderable Height, it will be greater than-is required in furveying, as 
the Hypothenufe of a right-aneled Triangle is greater than the Bafe.- To 
find the level Diftance, or Diftance of a Point within the Bafe of ‘the Fall, 
right below the Object on the Top of it; pitch on fome remarkable thing 
that lies below, and in a Line with the Object, and. take the Angle with that. 
inftead of the Object. on the Hill, 
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erie een. aes 
Having the Diftances of three Points A, B and C, that form a Triangle, at any 
Station S, in the Direétion of one of the Sides, to find its Diftance from 
thefe Points. 
Eb. .G,o-¥ UW. 


Bae eee Ro et Oo TIN 


Take the Angle AS B with an Inftrument; fubtraét that Angele 
from. C AB, and the Remainder will be the Angle A B.S; forC A B is 
the external Angle: of the Triangle A B S,. and therefore (by Eucl. B..1. 
Prop. 32.) 1s equal to A'S B and A.B.S taken together. Then, at B, on. 
the Side B A, draw the Angle A BS; produce.C A, and it. will interfect. 
BS in S, the Point of Station; and SA, SC, SB will be the Diftances. 


required. 
BY'CA ECLA PLON 


In the Triangle A B’S,. the Angle at S is found by Obtervation ; the 
Angle B A S is the Supplement of C A B to 180°, and therefore the Angle 
A B Sis alfo known: that is, inthe Triangle ABS, all the Angles and a 
Side are known; from thence the other two Sides S A and S B are found 


by Tnig. Sol. 1. 
Pon Orn. 


Having the Diftances of three Points A, B and C, forming aT viangle ; at any 
Station S, within the Triangle, to find its Diftance from thefe Points, 


EEG. VUI 
BY PROTR ACTLON: 
Make any one of the Sides, fuppofe A B,, the Bafe: take with an Inftru- 


ment the Angles ASC andC SB, which the two other.Sides fubtend: at 
3 B make 
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B make the Angle A B D (lying without the Bafe of the Triangle) equal to 
the Supplement of ASC to 180°; and the Angle B A D equal to the 
Supplement of C S B: thefe Sides produced, will interfe@ in D. Draw a 
Circle paffing through the three Points A, D and B; joinC D, and it will 
interfect the Circle in S, the Point of Station; and S A, S C, S B will be 
the Diftances required. 





Demonftration. The Angles ASD and AB D are equal, for they ftand 
in the fame Segment AS BD (Eucl. B. HI. Prop. 21.) therefore A S C. 
the Supplement of A S D, is alfo the Supplement of A B D; and, by Con- 
ftruction equal to the firft obferved Angle. Again, BSD and BAD 
are equal, for they ftand in the fame Seoment BS AD; andBS C, the 
Supplement of B S D, is alfo the Supplement of B A D; and therefore, by 
Conftruction, equal to the other obferved Angle; and S the Point of Station > 
andS A, SB, SC, the Diftances required. 


Bey CC AL Calle A Tal Omne 


1. In the Triangle ABD, the Angles BAD and ABD are known, 
being refpectively Supplements of the obferved Angles AS C and BSC; 
and therefore their Supplement A DB is known; and the ’Side A B oppo- 
fite to one of them: from thence (by Trig. Sol. 1.) find the Side A D. 
Then, | 








2. In the Triangle C A D, the Sides A C and A D are known, and the in- 
cluded Angle C A D (equal to C A B and B A D together) from thence find 
the Angle ACD, by Trig. Sol. 3. 


3- In the Triangle ACS, the Angles at C and S ar¢ known, and the 
Side AC, oppofite to one of them; from thence (by Trig. Sol. 1.) And 
A Sand C §&, 


SS 


PLA TRY. 28 WG. IX. 


If the Point of Station is in any of the Sides, as at § in the Side AB; 
take the Angle which one of the other Sides, fuppofe A C, fubtends there ; 
and on any Part of A B, as D, make the Angie A D E equal to ‘the eb- 
ferved Angle ASC: through C, draw the Line C$ parallel to DE 

cutting 
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cutting A B in S, and S will be the Point of Station. For CS and D E 
being arate the Angles AS Cand ADE are equal (Eucl. B. I. Prop. 29.) 
A SC 1s therefore the obferved Angle, and.S the Point of Station. 


| On account of the ereat Utility of thefe lat Problems in Surveying, I 
fhall fhew a general, and more ready Method, of finding, by Protraétion, 
the Point of Station S, in the three principal Cafes foregoing ; communicated 
by Capt. Fobn Campbel of his Majefty’s Navy. 


. When the obferved Angle A SB is left than 90 Degrees. From the Points 
A aa Bdraw the Angles B Am and’A BM, lying towards S, each equal 
to the Complement of the obferved Angle ASB, and the Interfe€tion of 
the Lines Am, BM, will be the Center m of the Circle AS B. From, 
the Extremities of either of the other Sides of the Triangle a B.C, as 
BC, draw the Angles B.C n. and CB N, each equal to the Complement of. 
the obferved Angle C SB, and the Lines Cn; BN, will interfe@ each 
other inn, the Center of the Circle CSB; and the Point of Interfection of 
thefe two Circles fhall be the required Station S. For, 


The Angle A S B being lefs than a Right-Angle, the Line A B will di: 
vide the Circle A M S B into two unequal Ceoment, in the greate{t of which 
(A MS B)S muftftand (Eucl. B. IIL Prop. 31.) and therefore the Center, m, 
which is always in the greateft Segment, will be on the fame Side of A B that S 
is. Alfo, in the Triangle m A B, the Angles A B.m and B A M together, are 
the Supplement of the Angle A m B to two Right-Angles ; but A B m and 
B A m are (by Conftru@ion) the Supplement.of twice A S B to two Right- 
Angles; A m B is therefore double the Angle ASB; and {tanding on the 
Sine Ater(by Euchop,. Ih, Prop. 30.),S mutt be in ae Circu ence of, 

the Circle A SB, 





In the fame Manner it may be fhewn:that:S‘is in the Circumference of 
the Circle C S B, and therefore it mutt be in their InterfeGtion. 


2, When the obferved Angle A'S B (Fig. 19.) is. more than go Degree. 
‘Then fubtraét go from it, and make the Angles at A-and B each equ ate ta 
the Remainder; and to lie on the Side of AB, which is fartheft from S: 
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and m, the Point ‘of InterfeCtion of thefe two Lines will be the Center of a 
Circle, which will pafs through A, Band S. For, the Angle A SB being 
more than go Degrees, the Line A B will divide the Circle into two unequal 
Segments, in the leaft of which (A S B) the Point of Station S muft be, 
and the Center m, therefore, on the Side of A B oppofite to S. Alfo, the 
Angle m A B=mB A= (by Conftrudtion) to the difference between ASB 
and a Right-Anegle: alfo the AnglenC B=nBC=CSB— 90°. 


The Point of Station S found inftrumentally, 


The Point S may_be readily laid down ona Draught, by drawing on. a 
loofe tranfparent Paper indefinite Right-lines S A, SB, SC, at Angles 
equal to thofe obferved; which being placed on the Draught fo as each 
Line may pafs over, or.coincide with, its refpective Object, the angular 
Point. S will then coincide with the Place of Obfervation. Or, 

Provide a graduated Semicircle of Brafs, about 6 Inches in Diameter, 
having three Radij with chamfered Edges, each about 20 Inches long, 
for as long as it may be judged the Diftance of the Stations from the three 
given Objects may require) one of which Radi to be a Continuation of the 
Diameter that pafles through the Beginning of the Degrees on the Semi- 
circle, but immoveably fixed to it, the other two moveable round the Center, 
fo-as to be fet and {crewed faft to the Semicircle at any Angle. In the Center . 
let there be a fmall Socket, or Hole, to admit a Pin for marking the central 
Point on the Draught. When the floped Edges of the two moveable Rady 
are fet.and fcrewed faft to the Semicircle, at the refpeCtive Degrees and 
Minutes of the two obferved Angles, and the whole Inftrument moved on 
the Draught until the Edges of the three Radij are made to lite along the 
three ftafimetric Points, each touching its refpective Point, the Center of 
the Semicircle will then be in the Point of Station S ; which may be marked 
on the Draught, through the Socket, with a Pin. Such an Inftrument as 
this may be called a Station-pointer ; and would be found convenient for 
finding the Point of Station readily and accurately, except when the given 
Objects were near; when the Breadth of the Arch, of the Radij, and of the 
Brafs about the Center of the Semicircle might hinder the Points to be feen, 


is the Radi to be placed fo as to comprehend a very fmall Angle between 
them, 
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Having the Diftance and Pofition of two Points A and B; at two Stations, 
S and s, to find the Diftance of thefe Stations from each other, and from the 
given Points. 


BAe to ors GS xX, 


x. At S, take the Angles'\A Ss and B Ss; and at 8, take the Angles 
fess and B's'’S.. -Then, 


2. Making Ss any length, fuppofe 10, take it from a Scale of equal 
parts, and draw it on Paper: and at S ands, protract the refpective ob- 
ferved Angles, andthe Points A and B will be determined in Proportion 
to the affumed Length of Ss, Then, taking the protra¢ted Length of 
AB from the Scale, fay, 


As the protrafted Length of A By 
Is to the affumed Length of S s, 
So is the true Length of A B, 

To the true Diftance of S and s. 


3. The Diftance S s being thus found, and the Angles at S and s obferved, 
the Diftances S A, S Bands A, s B, may be taken from the proper 
Scale, after a new Protraction; or calculated, as in Prob. I. 


Bena) 6. Ville 


Eaving the Diftance and magnetic Bearing of two Points, A and B protracted » 
at any Station S, (not very oblique to. A B) to find its Diftance from thefe 
Points, by the Needle. 


PLATE L F1G. Xt. 


At S, witha good magnetic Needle, take the Bearings of A and B, in 
Degrees and Parts of a Degree: then, from thefe Points dtaw out their 
E refpective 
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refpective Bearings in the oppofite Direction, towards S: that is, if A bears: 
exactly North, draw a Line from the Point A exaétly South, if it bears 
Eaft 10, or 20.Deerees fouthward, draw the Line Weft ro, or 20 Decrees 
northward, and fo for any other Bearing. Draw the oppofite Bearing of B in: 
the fame manner; and S, the Interfection. of thefe two Lines, will be the 
-Point"of Station; and’S A, S B,. the Diftances required, 











This is an eafy and ready way of finding the Diftance of any Station, from, 
two Places whofe Diftance has. been accurately determined before ;. and will: 
be found convenient very often in. the Courfe of a Survey; and fufiiciently 
exact on. moft Occafions ; provided the Places, A and B, are not. very re- 
mote from the Station; nor the InterfeCtion of. their Bearings too oblique. 
if the Needle is good, a Diftance of 20 Miles is not to be reckaued too far,. 
when the fnela fubtended. by the two. Places is not.lefs than 50’Degrees,, 
nor more than. 140, 
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the Examination. of Surveying Infiruments: 


ELE Accuracy. of geometrical Menfuration depends fo tauch ‘on thie: 

Accuracy of the Inftruments made ufe of in. it, that it is a very ne- 
eeffary Qualification in a Surveyor to be capable of examining and adjufting 
them. Some Inftruments are made in-fuch a Manner, withoge any Neceflity, 
and: as if it were on’ purpofe, that it is very troublefome to. find whether 
all their Parts are: exaét or not: and for that Keafon.Suryeyors are too 
apt to take them. on Truft,, without. Examination: but this often creates 
more Trouble in their Bufinefs, and occafions Errors which they can neither 
account for; nor correét.. If. Surveyors were more cautious, Inftruments: 
makers would become more careful. 
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flow to examine the Accuracy of a Theadolite: 
PLATE £ FLG.-XIL 


I, On a Level about a Mile or two long, fuch as the Margin of a Lake;, 
or the High-water Mark along a well theltered Sand, when the Sea has been 
{mooth 
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fmooth a little before, fet three upright Pales* A, B, C, exactly in a Line; 
and about half a Mile , or a Mile from each other. If it can be done, let 
the Line run exactly on fome remarkable Part of a diftant Object. 


2. Set the Theodolite horizontal, with its Center right over the Hole B, 
where the middle Pole ftood:: fet the Index at o Degrees, and turn the 
Theodolite till, through the Telefcope, you fee the Pole A at the vertical 
Wire; then fcrew the Inftrument faft in that Pofition. Next. turn the In. 
dex to 90, and remark fome diftant Object exaétly at the vertical Wire of 
the T’elefcope: if no fuch Object “is to be feen,. fet up a Pele D in that 
Direftion half a Mile off, or as far as it can be feen. 


3. Then fet the Index at o Deg, again, and turn the Inftrument ill you 
fee the Pole C, through the Telefcope exactly at the vertical Wire: {crew 
the Inftrument faft in that Pofition; turn the Index to 903 look through 
the Telefcope; and if the Object, or Pole, D, is exaétly at the vertical 

Vire, then is the Index right ceatered, and the graduated Circle exactly 
divided into four Quadrants ; for the Line D B, ftanding on the right Line 
AC, makes the Angles on.each Side, ABD andC B D, equal. But, if 
the Object is not feen exactly at the vertical Wire, obferve how much it is 
over, or falls fhort of it, and half that Difference is the Error of the Divifion 


at 90 T. 


4. To find if the Graduations of each Quadrant are right: Apply the 
Beginning of the Divifions of the vernier Scale, to the Beginning of each 
Degree of the Theodolite; and if the End of the Divifions of the Vernier 
reaches the refpective Degree precifely in each Application, then the Gradua- 
tions of the Theodolite are right; otherwife one, or more, are wrong. If 
each Degree is fubdivided, thefe Subdivifions may be examined in the fame 
manner, This is a very eafy and nice way of examining the Graduations 
of any Inftrument that has a vernier Scale on it. 


* To place a Pole upright ; ftand ftraight up with your Feet clofe together ; put one End of 
the Pole between your Toes, and take the other up along your Breaft and Chin, and in that 
Pofture prefs it down with both Hands till it ftands firm. 

t By a proper Application of the above Principles, the Graduation of Inftruments, large 
or fmall, may be rendered as accurate as ‘the Materials made ufe of will admit, and the leaf 
Degree of Inaccuracy in them readily difcoyerable ; as could be eafily Shewn, wesc this a Place 
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en moft Occafions ; being more portable, more readily applied to:the taking 
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To find if the Wire of the Telefcope is exactly vertical: hang up<a 
Plumb-line at fome Diftance; fet the Theodolite level ; look through the 
Telefcope to the Plumb-line when at reft, and if the upright Wire moves 
exactly along the Plumb-line when the Telefcope is elevated or deprefied,, 
then is the Wire exactly vertical. If the Wire crofies the Piumb-line in-any, 
Part, turn it by the proper Screws, or Pins, till you: get it exact. 


Cautions in taking Angles with a Theodolite. 


1. Spread the Legs that fupport it pretty wide, and. thruft them firm in 
the Ground, efpecially on. Sand, or foft Ground ;, that they, may not yield,, 
or fink unequally during the Obfervations. — 


>. Set it level; otherwife the Angles will not be precife. 


3. Screw the Ball firm in the Socket, that in turning the Index, thie 
Diameter of the Theodolite may not vary from the Object it. was directed: 
to; which, without Care in the Obferver, or in the Structure of the Inftrue- 


ment, will happen. frequently.. 


4 The Angles fhould be talien twice over, and read off by different. 
Perfons. 


5. It would often prevent Miftakes in Angles, and contribute to Difpatchy,, 
if a Theodolite was provided with two Telefcopes, one above its Plane, and: 
the other below it; the lower.one to move round’ only when the Circum- 
ference of the Theodolite was turned; by which Means it would be readily 
feen through this Telefcope when the Diameter fhifted from the Direétion of 
the Object it was fixed at. Alfo if thefe Telefcopes fhewed' Objects erect; 
and in their natural Pofition, inftead of being reverfed and inverted’; and. 
if the Telefcopes magnified more than they commonly do.. ft would like- 
wife be an Advantage if the Vernier was made to give every Minute of a. 
Degree, in place of four or five, as ia-moft Theodolites. 


Of Hadley’s Sextant. 


This Inftrument: may be ufed with great Advantage in Maritim Surveys, 


of 
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of Angles, and generally more accurately and minutely divided than ‘Theodo- 
izes are: an Oblerver is lefs liable to Miftakes with it; and, which is a 
very material Advantage, he can take Angles with it at Sea, as welkas on 
Land. There are two Inconveniences attending the Ufe of it ; One is, that 
{mall, or obfcure Objects, efpecially if the Ground rifes beyond them, can- 
not be eafily perceived in the Glaffes : the other is, that no Angle above 
120 Degrees can be taken by it at once, and that fometimes there are not 
proper intervening Objects for dividing a larger Angle into two *, 


A Brafs Sextant of nine Inches Radius, though it does not admit of 
Back-obfervations, will be found as convenient a Size as any. for a Surveyor. 
It fhould be provided with a fmall Telefcope, that can be taken off and put 
On at Pleafure, for obferving celeftial Bodies; and with a ‘Tube for ter- 
reftrial Objects, which is better than a thin Plate of Brafs with Holes in ity 
There fhould likewife be a Screw at the End of the Index, -to bring the two. 
Objects exaétly to one another, after they have been firtt brought near by the 
Hand; and if a Staff with a Ball and Socket is fitted to it, anda Belt to fup- 
port the whole, it will be found a great Eafe to the Obferver. The Te- 
lefcope and Tube fhould be fo contrived, as to be raifed occafionally as high 
as the Middle of the tranfparent Part of the Horizon-glafs, for obferving 
Objects that are bright enough to be feen by Reflection from it. 


Each of the Glaffes belonging to the Sextant fhould have its two Surfaces 
perfect Planes, and parallel to one another; and the Index and. Horizon- 
glaffes fhould ftand perpendicular to the Plane of the Inftrument. ‘Thefe 
Particulars of the Glaffes ought to.be carefully attended to, and adjutted 
by the Inftrument-maker, before he gives the Sextant out of his Hand: for. 
though Defects in the Glaffes may be detected by proper Examination, yet 
the want of Parallelifin and Plainnefs cannot be corrected without new 
Glaffes ; and, to adjuft the Inclination, is troublefome to young Pra¢titioners. 
The firft thing however which a Beginner fhould learn is, the eafiett way of 
holding the Sextant for making Obfervations,, and.of bringing the reflected 


* Any Angle may be taken. by the Back-obfervation, by one experienced in this manner of 
obferving ; but the Back-obfervation is too difficult and troublefome to be recommended in ge- 
neral to all Practitioners ; and requires a Sextant or Oétant of at leaft 16 Inches Radius, to have: 
Saficient Room. for the Back-vanes, which is an inconvenient Size for Land Surv ers. 
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3 
Image and Object near each other by moving the Index. Tho’ this requires 
Praétice more than Precept, the following Directions may be found fervice- 


able at farft. 


How to bold the Sextant for taking Angles. 


Whether the Sextant is to be held vertically, or horizontally with its Face 
uppermott, it fhould be fupported chiefly with the Right-hand, and the In- 
dex governed by the Left, in the following Manner. For horizontal Angles; 
hold the Inftrument horizontally, with the Face uppermoft, and place the 
Thumb of the Right-hand againft the Edge of the curved Part on which 
the Sight-vane ftands, but fo as not to touch the Index when it is fet at o, 
or the Beginning of the Degrees; and extend your Fingers acrofs the Back 
of the Initrument, fo as to lay hold of the oppofite Edge of the additional 
Part on which the Horizon-glafs ftands, placing the Fore-finger on one 
Side, the two next Fingers on the other Side of the greateft Swelling, and 
the Point of the little Finger againft the Back of the Inftrument. When 
there is no Staff and Belt, horizontal Angles are eafieft taken fitting with the 
right Ancle on the left Knee, and the right Elbow fupported by the right Knee. 
The Index may be managed by placing the Thumb of the left Hand againft 
the outer Edge of the graduated Arch, and keeping the End of the Index 
betwixt the two firft Fingers: or by taking the End of the Index between 
the Fore-finger and Thumb, and refting the other Fingers againft the middle 
Bar, or againit the Far-fide of the Inftrument, as a very little Practice will 
direct. 

For taking vertical Angles: hold the Sextant in a vertical Pofition, with 
the Thumb and Fingers of the Right-hand, as before, for horizontal Angles ; 
or as the Form of the Swelling at the Horizon-vane enables you to take the 
fureft Hold; reft the Extremity of the Arch againft your Breaft, and that 
will enable you to manage the Index more eafily with your Left-hand. 


When Angles are to be taken with the Inftrument inverted, or with the 
Face below, then it-muft be held and fupported chiefly by the Left-hand, 
and the Right referved for governing the Index, in the following Manner. 
Hold the Sextant horizontal, with its Face downward : place the Thumb of 
your Left-hand on the Center-plate at the Back of the Index-glafs; the 
three - 
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three firft Fingers above the Center-part, and the Infide of the little Fin 


er. 
againft the Edge of it; and when the Eye is applied to the Sight-vane, prefs 
the Edge of that Side againft your Forehead: take care that the little Fin- 


ger, by being too low, does not intercept the Sight of any of the Objeéts, 


VL 
re 


In all Obfervations, the Sextant fhould be held in a Plane paffing throuch. 
the Eye of the Obferver and the two Objects whofe angular Diftance is ta 
be found. 


How to examine ihe Glaffes of a Sextant. 


_ To find whether the two Surfaces of any one of the reflecting Glaffés are 
parallel: apply your Eye at one End of it, and obferve the Image of fome 
diftant Object reflected very obliquely from it ;. if that Image appears fingle 
and well defined about the Edges, it is a Proof that the Surfaces are parallel : 
on the contrary, if the Edee of the reflected Image appears mifted, as if it 
threw a Shadow from it, or feparated like two Edges, it is a Proof that the 
two Surfaces of the Glafs are inclined to each other. If the Image in the 
Speculum, particularly the Sun, is viewed through a {mall Telefcope, 
the Examination will be more perfect. 


To find whether the Surface of a reflecting Glafs is a perfect Plane. Chute 
two diftant Objects as nearly on a Level’as’ can be had: hold the Sextant: 
horizontal, with your Eye at the Sight-vane, view the Left-hand Object 
directly through the tranfparent Part of the Horizon-glafs, and move the 
Index till the’ reflected Image of the other is feen below it in the filvered 
Part; make the two Images unite juft at the Line of Separation : then 
turn the Sextant round flowly in its own Plane, fo as to make the united 
Images move along the Line of Separation of the Horizon-glafs; if the 
{mages continue united, without receding from each other, or varying their 


refpective Pofition, the refle€ting Surface is then fufficiently plane. 


To find if the reflecting Glaffes are perpendicular to the Plane of the 
Sextant. Move the Index near the Middle of the Arch of the Sex- 
tant; apply your Eye obliquely near one’End of the reflecting Glafs, fo as 
to fee Part of the Arch of the Sextant by Reflection, and Part of it by di- 
rect Vifion : if the two Parts of the Arch form one uniform C urve, without 
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appearing in the leaft above or below each other, then is the Glafs perpen- 
dicular to the Plane of the Sextant. If the Image of the Arch feen by Re- 
flection is higher than the Arch feen directly, then the Glafs inclines for- 
ward; in which Cafe, flacken the fore-adjufting Screw of the Glafs, and 
{crew in the back one. If that Part of the Arch feen directly is higher than 
its Image feen by Refleftion, then the Glafs leans backward, and the back- 


. 


adjufting Screw muft be flackened, and the fore one {crewed in. Be careful, 


in all Cafes where one Screw draws, or pufhes againft another, to flacken one 
of them before you {crew up the other. 


To find if the two Surfaces of a red or darkening Glafs, ate parallel and 
perfectly plane. This muft be done by means of the Sun when it is near 
the Meridian, in the following Manner. Hold the Sextant vertically, and 
direct the Sight to fome Object in the Horizon, or between you and the Sky, 
under the Sun; turn down the red Glafs, and move the Index till the re- 
tleéted Image of the Sun is in Contact with the Object feen directly : fix then 
the Index, and turn the red Glafs round in its fquare Frame; view the Sun’s 
image and Object immediately, and if the Sun’s Image is neither raifed nor 
depreffed, but continues in Contact with the Object below, as before, then 
the Surfaces of the darkening Glafs are true, 


How to obferve the borizontal Angle, or angular Diftance, between two Objelis. 


Firft adjuft the Sextant, and if the Objects are not {mall, pitch on a fharp 
Top, or Corner, or fome fmall diftinét Part in each to obferve; then having 
fet the Index to o Deg. hold the Sextant horizontally, as above direéted, and 
as nearly in a Plane paffing through the two Objects as you can;  direét the 
Sight through the Tube to the Left-hand Objeé, till it is feen directly 
through the tranfparent Part of the Horizon-glafs : keeping that Object ftill in 
Sight there, move the Index till the other Object is feen by Reflection in the 
filvered Part of the Horizon-glafs ; then bring both Objeéts together by the 
Index, and by the Inclination of the Plane of the Sextant when neceffary, 
till they unite as one, or appear to join in one vertical Line, in the Middle 
of the Line which divides the tranfparent and refleting Parts of the Ho- 
rizon-glafs: the two Objects thus coinciding, or one appearing direétly: be- 
Jow the other, the Index then fhews on the Limb the Angle which the two 
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Objects fubtend at the naked Frye, This Angle is always double the In- 
clination of the Planes of the two refleting Glaflts to one another; and 
therefore every Degree and Minute the Index is aually moved from o Q, to 

bring the two Objects together, the Angle fubtended by them at the Eye 

will the twice that Number of Degrees and Minutes; and is aceordingly 
numbered fo on the Arch of the Sextant; which is really an Arc of 60 De. 
orees only, but graduated into 120°. As this has been demonstrated in {e- 
veral Books and Pamphlets, it is needlefs to infift om it here. 


Chap. 3. 


The Angle found in this Manner between two Objects that are near the 
Obferver, is not precife ; and may be reckoned exaét only when the Objects 
are above half a Mile off. For, to get the Angle ely exact, the Objects 
fhould be viewed from the Center of the Index- elafs, and not where the 
Sight-vane is placed; therefore, except the Objects are fo remote that the 
Diftance between the Index-glafs and Sight-vane vanifhes, or is as nothing 
compared to it, the Angle will not be quite exa&t. This Inaccuracy in the 
Angle between near Ones 1s called the Paralax of the Inftrument; and is 
the Angle which the Diftance between the Index-glafs and Sight-vane fub- 
tends at any near Object. It is fo fmall, that a Surveyor will feldom have 
Occafion to regard it: but if it fhall happen that great Accuracy is required, 
ket him chufe a diftant Object exactly in a Line with each of the near ones, 
and take the Angles between them and that will be the true Angle between 
the near Objects. Or, obferve the Angle between near Objects, when the 
Sextant has been firft properly adjufted by a diftant Object ; then adjuft it 
by the Left-hand Object, which will bring the Index on the Arch of Bikets 
beyond o Degrees: add that Excefs to the Angle found between the Ob- 
jets, and the Sum will be the true Angle between them. If one of the Ob- 
jects is near, and the other diftant, and no remote Object to be found in a 
Line with the near one; adjuft the Sextant to the near Object, and then 
take the Angle between them, and the Error of Paralax will be removed. 


How to obferve the Altitude of the Sun on the Sea, or on Shore at the Edge of 
the Sea. 


Adjuft the Sextant by the Horizon (as is afterwards direéted:) raife the 


Telefcope, or Tube, as high as the Middle of the tranfparent Part of the 
PF Horizoa- 
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Horizon-glafs ; fet the Index to o Degrees; turn in the darkening-gtlaffes, 
ér only one of them if the Sun is not very bright ; turn your Face directly 
to the Sun; hold the Sextant in a vertical Pofition, with its Plane paffing 
as near through the Sun’s Center and the neareft Part of the Horizon as you 
can, and direct the Sight to that Part of the Horizon; then move the In- 
dex from o on the Limb, till you fee the red Image of the Sun come down 
toward the Horizon. If there is any Difficulty in finding that red Image, 
it is either becaufe the Sun is obfcured by a Cloud, or becaufe the Sextant 
ig not in a vertical Plane that paffes through the Sun, which muft be dif- 
covered by glancing at the Sun with your naked Eye, and in the latter Cafe, 
by turning your Body more directly to the Sun. Having brought the Sun’s 
Image almoft down to the Horizon, then, with your Left-hand, {wing the 
Sextant backward and forward, from one Hand. to the other, and the Image 
of the Sun will feem to defcribe the Arch of a Circle convex to the Hori- 
zon: move the Index till the lower Edge of the Image juft grazes on the 
Horizon; when it is at the loweft Point of the Arch apparently defcribed, 
then ftop the Index, and mark down the Degrees and Minutes fhewn on. the 
Limb; which call The obferved Altitude. When this is corrected by the 
Sun’s Semidiameter, the Dip of the Horizon, the Refraction, and the In- 
dex-error, if there is any, it will give the true Altitude of the Sun’s Center. 


How to take an horizontal Angle between two Objeéis with the Sextant inverted. 


To obferve in this Manner: fet the Index at 0, and hold the Inftrument 
as above direéted; direét the Sight to the Left-hand Object till it is feen 
through the tranfparent Part of the Horizon-elafs, and you will likewife 
perceive its refleéted Image in the filvered Part: then advance the Index, 
and at the fame time keep the reflected Image in Sight, by: turning your 
Body and the Sextant toward the Right-hand, till you fee the other Object 
through the tranfparent Part ; make them join in the Middle of the Line of 
Separation of the Horizon-glafs, and the Index will fhew the Angle on the 
Limb. 


This Method of obferving will be often convenient, becaufe, after a little 


Practice, an Angle may be taken more readily this way than with the Face 
of 


I I I OS OOP OO 





Chap.4. MARITIM SURVEYING, 36 


of the Sextant uppermoft ; and alfo becaufe the faintett Object may often be 
found by direct vifion through the tranfparent Part of the Glats, when-it 
could not be fo eafily found by Reflection, 


Low to adjuft the Horizon-glafs for Obfervation, by a horizontal Line. 


To adjuft the Horizon-glafs is, to make it parallel to the Index-glafs 
when the Pointer of the Vernier is placed at o, or the Beginning of the De- 
grees. ‘This is the moft important Adjuftment of all for an Obferver ; and 
fhould be done every Time one begins to make any Obfervations. The ho- 
rizontal Lines fitteft for this Operation are, the Horizon of the Sea, which 
is the leaft; and the Roof, or upper Part of the Wall of a lar ge well-built 
Houle above half a Mile diftant. 


T’o adjuft by the Horizon of the Sea, or any other horizontal Line: turn 
the Index, till the Pointer of the Vernier ftands exactly at o on the Limb, 
and fix the Index there’: hold the Sextant in a vertical Pofition, and obferve 
whether the Edge of the Sea-horizon (or other horizontal Line) feen in the 
filvered Part of the Glafs, makes one continued Line with the Edge of the 
Sea feen in the tranfparent Part : if it does not, and the Line appears broken, 
or one Part of it above the other, bring them into one ftraight Line by turn 
ing the adjufting Lever at the Back of the Horizon- glafs ; then fix the Le- 
ver by the Button-{fcrew in the Middle of it, and the Horizon-elafs is ad- 
jufted, or parallel to the Index-glafs. 


To find the Error of this Adjuftment: move the Index a little from its 
Place ; hold the Sextant in a vertical Pofition as before, and turn the Index 
tll ae Line of the Sea-horizon (or other horizontal Line) feen in the filvered 
Part of the Horizon-glafs joins exactly in one ftraight Line with the Edge of 
the Sea feen through the tranfparent Part : then the Number of Minutes by 
which o on the Ganaes differs from o on the Limb is the Error of the Ad- 
juftment ; and muft be allowed for in all the Angles taken with this Ad- 
juftment, in the following Manner. If the Pointer, or o on the Vernier, 
{tands on the quadrantal ‘Arch, or to the Left-hand of 0 on the Limb, then 
this Error is to be fubtracted from the Angle fhewn on the Limb by the 
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Index; but if o on the Vernier ftands on the Arch of Excefs, or to the 
Right of o on the Limb, then the Error of the Adjuftment is to be added 
to the Angle fhewn on the Limb. 


To verify the Error of Adjuftment found by this, or any other Method : 
fet the Index fo as to fhew the exact Error found, and to {hew it on the qua- 
drantal Arch, if that Error is to be fubtracted, but on the Arch of Excefs, 
if the Error is to be added. Then fix the Index, and directing the Sight 
to fome diftant Object, take notice whether the direct and reflected Images 
perfeétly coincide or not: if they do, the Index Error is truly determined ; 
if not, it muft be corrected by the Method proper for it. 


When the Index is moved from you, to bring an Image and Object toge- 
ther, it will give a different Angle from that fame Angle taken by moving 
the Index towards you. This, probably, is occafioned by the Index bend- 
ing or ftarting a little by the Preffure of the Hand. To correct this, when 
great Accuracy is required, take the Angles two or three times over each 
Way, and the Medium of all will be the true Angle. 


How to adjuft the Horizon-gla/s by a ftraight vertical Line. 


The Lines fitteft for this are, the upright Corner of a Houfe, ora Pole 
fet upright in the Ground, at leaft half a Mile off. 


Bring the Pointer of the Vernier too on the Limb; hold the Plane of 
the Sextant horizontal ; view the vertical Line in the Middle of the tranf- 
parent Part of the Horizon-glafs, and its Image in the reflecting Part, and 
turn the Lever till both make one continued Line, neither appearing to the 
Left, or Right of the other; then fcrew the Horizon-lever faft, and the 
Horizon-elafs is adjufted. - 


To find the Error of this Adjuftment ; move the Index out ofits Place; 
then fet the Vernier again to o on the Limb; hold the Plane of the Sextant 
horizontal ; view the vertical Line directly through the tranfparent Part of 
the Horizon-glafs, and its Image in the reflecting Part: if they make one 
continued Line, there is no Error; if they do not make one continued Line, 
move 
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move the Index a little to one Side or the other till they do fo, and the 
Number of Minutes by which the Pointer of the Vernier differs from o on 
the Limb, is the Error of this Adjuftment; which is to be fubtraéted from 
each Anele taken, if the Pointer {tands on the quadrantal Arch, and added 
when it is on the Arch of Excefs. In reading off the Minutes on the Arch 
of Excefs, remember to take their Compliment to 30, in Place of what the 
Vernier fhews. 


fs 
/ 


Ce 


To adjuft the Horizon-ela/s by the Sun. 
y| = y 


Set the Pointer of the Vernier to o on the Tamb; hold the Sextant hori. 
zontal; raife the Telefcope, or Tube, as high as the Middle of the tran{pa- 
rent Part of the Horizon-elafs ; ufe a {moked, or. red Glafs to defend the 
Eye, and flip a Screen of Paftboard nine Inches fquare, with a Hole in the 
Middle, over the End of the Telefcope, to keep the Face from being f{eorched ; 
then view the Sun and its Image both through the tranfparent Part of the 
Florizon-glafs, and by the Lever make them cover each other exactly, fo as 


to appear as one Object; {crew the Lever faft, and the Horizon-elafs is 
adjutfted. 


The Adjuftment may be made in the fame Manner by the Moon, or a. 
Star, without a Darkening-elafs or Screen. 


‘Fo find the Error of this Adjuftment ; move the Index a little from its 
former Place‘ at o; then, by the Index, make the two Images cover one 
another. exactly as before ; and the Number of Minutes by which the Pointer 


of the Vernier differs from o on the Limb, is the Error of Adjuftment, and 
Imuft be allowed for as above. 


Another, and rather a nicer, Manner 6 adjuptinge by the Sun. 
) 3 yf oO 


Set the Pointer of the Vernier to o on. the Limb ; hold the Quadrant ho- 
rizontally, with the darkening Glafs and Screen to defend your Eye and 
Face ; meafure the Diameter of the Sun, firft on the quadrantal Arch, and 
next on the Atch of Excefs. or with the Index, firft on the Left-hand of o 
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on the Limb, and then on the Right of it. If thefe two Diameters are 
equal, then is the Horizon-glafs adjufted: if the Diameters are unequal, 
fara the Horizon-lever a little one way or the other, till upon meafurine 
them again they are found equal: or, which is equivalent, and often more 
convenient, when the Error is fmall; mark the Difference between the two 
Diameters, and make Allowance of half that Difference in each Angle ob- 
ferved on the Limb, adding or fubtra¢ting it as before direéted. In reading 
off the odd Minutes on the Arch of Excefs, remember to take the Compli- 
ment to 30 of what the Vernier fhews. 


The Diameter of the Sun is meafured thus. Set the Pointer of the 
Vernier ato; hold the Sextant horizontally ; by the Index bring the re- 
flected Image in external Contact with the direct Image; note the De- 
erees and Minutes of the Pointer from o; then bring them in Contaé on 
the oppofite Side of the direct Image, and note the Degree and Minutes; 
fee whether the Diameter on the quadrantal Arch, or the Diameter on the 
“Arch of Excefs, is greateft; mark the Difference, and referve the half of 
it for Ufe, if you do not correct the Error by the Lever. 


The Adjuftment may be made pretty exact by taking two Diameters of a 
ftraight-fided Land-object in the fame Manner. 


How to adjuft the Sextant by any remarkable Land-objed at a Diftance. 


Tt will often happen on a Survey, that no ftraight Line, either vertical or 
horizontal, nor no celeftial Body, can be feen to adjuft by. In this Cafe, 
pitch on fome fall remarkable Object at a Diftance, as the tapering Top of 
a Hill, or Rock, or a {mall Hummoc, or Chimney-head, or detached 
Branch of a Tree, for this Purpofe. To adjutt by fuch an Object, fet the 
index to 0, hold the Sextant horizontal; view the Object through the tranf- 
parent Part, and its Image in the reflecting Part, of the Horizon-elafs ; 
and by the Lever, bring the Image direétly below the Object in the Middle 
of the Line of Separation, fo as neither appears to one Hand of the other, 
but that if a vertical Line is imagined to be drawn through any Point of 
the Image, it would pafs through that fame Point of the Object ; then fcrew 
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the Lever fait, and the Horizon-elafs is adjufted. This Method of adjutt- 
ing may be fufficient for common Purpofes, but is not fo very exact as the 
other Methods. 


How to examine the Angle of the Sextant.. 


The Angle of the Sextant, meafured by the Arc of the Limb compre- 


hended between o and 120 may be verified, firft, by adjufting the Glaffes 
as before directed, and then taking, at one Station, five or fix horizontal 
Angles, comprehending a whole Circle round; add thefe Angles together, 
and if their Sum amounts to 360 Degrees exaétly, the Angle of the Sextant 
and its Graduations may be concluded to be exaé&t. The Objects that form 
thefe Angles muft be very remarkable and fharp, and all of the fame appa- 
rent Height, to prevent Miftakes in taking them; otherwife Inaccuracy in 
the Obferver may be imputed to the Inftrument. 


Another way of examining the Angle of the Sextant is, by fetting perpen- 
dicular in a level Ground three Poles, or Staves, between four and five Feet 
high, with Flags flying at each, fo as to forma Triangle, whofe greateft 
Angle is lefs than 120 Degrees; let the Diftance of the Poles from ghe an- 
other be half a Mile, or as much farther as they can be feen diftin@ly. Af. 
ter adjufting the Sextant, take the three Angles of the Triangle very exactly, 
keeping the Center of the Sextant exaétly on the Center of the Staff you ob- 
ferve at; and if the Sum of the Angles amounts precifely to 180 Degrees, the 
Sextant may be con cluded to be good. The feveralGraduations, and their Sub- 
divifions, may be examined by the Vernier, as direéted for the Theodolite. 


How to examine the Accuracy of the two quadrantal Radij of an aftronomical 
Quadrant. 


Reims Le ol Gan XT: 


t. Oma level Line fet two Poles, A and B, perpendicular ia the Ground, 
about a Mile, or more, from one another; let a Flag fly at the Top of 
each, to render them more confpicuous ; and let the Poles appear on fome re- 
markable fharp Part (C) of a remote Object; the farther the Object is, the 


better, 3 
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e. Put the Quadrant on its Stand at B, with its Plane fet horizontal, 
either by a {pirit Level laid on it, or by a Carpenter’s Level, and its Center 
right above the Hole where the Pole ftood, and in the Pofition as at b. If 
the Stand cannot fupport it horizontally, lay the Quadrant fteady on a firm 
Yable. Then, with the Index at o Deg. look through the Telefcope, and 
turn the Quadrant till you fee the Object C exadtly at the InterfeCion of the 
Wires. Let the Quadrant be kept firm in that Pofition, and turn the Index 
to go, and obferve through the Telefcope what Object the Interfection of the 


| ‘Wires bears on: if it bears on nothing remarkable, {et up a Pole and Flae D, 


in that Direction, as far off as can be feen. 


3. With the Index at go, turn the Quadrant on its Center a Quarter 
round, till itis in the Pofition a, fo that you fee the Pole A through the Te- 
lefcope at the Interfection of the Wires. ‘Then keeping the Quadrant firm 
in that Pofition, turn the Index to o Deg. and if through the Telefcope you 
fee the Object D, exactly at the Interfection of the Wires, then the two 
Radij of the Quadrant, drawn through o and go, are precifely at right 
Angles, and the Axis of the Telefcope parallel to the Radius it is faftened. 
to. If the Object D, does not appear exactly at the Interfection of the 
Wires, but.on one Side of it; then half its Diftance from the Interfection is 
the Error of the Quadrant ; and is either in the Angle of the two Radij, or 
in the Axis of the Telefcope, which is a Line fuppofed drawn through the 
Center of the Eye-glafs and the Interfection of the Crofs-wires. It is much 
more likely to be in the Telefcope than in the quadrantal Radi; and there- 
fore to correct it, the Wires in the Telefcope muit be fhifted by their proper 
Screws, halfthe Diftance between the Object and Interfection of the Wires ; 
and the Quadrant examined over again as before. If it is not right on this 
fecond Examination, correct the Wire over again by the Screws, and ex- 
amin the Quadrant a third Time; and if the Object D, and the Interfection 
of the Wires ftill difagree, conclude the Error to be in the Angle of the 
Radi between o and go. Mark how much that Error is, and by it.cor- 
rect all future Obfervations. This Method is liable to a little Inaccuracy, 
if the Plane of the Quadrant is not made exactly horizontal. 
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How to examine and adjuft an aftronomical Quearant. 


1. Set up the Quadrant on the Margin of a Lake, clofe to the Edge of 
the Water, fo that the Center of the Quadrant is juft over the Water : (of, in 


mae —— 
: SSS 


9 at 
a well-fheltered Bay when the Sea is fmooth, right over the Hich-water | 
Mark) fet one Side of. the Quadrant perpendicular by the Plummet; and 


meafure the Height of the Center of the Telefcope above the Surface of 
of the Water (or above the High-water Mark) ‘in Inches and Parts of an 


Inch. 


SSS ee 


2. About half a Mile off (but not above a Mile) fet a Pole ftraight up in 
in the Edge of the Lake (or. on the Hich-water Mark) with a conf{picuous 
fliding Crofs-piece on it : let one Edge of the Crofs-piece be fet as hich above 
the Surfacé of the Water (or High-water Mark) as the Center of the Telefcope 
was, and about 2 Inches higher, if the Diftance of the Stations is half a 
Mile ; 47 Inches higher if 3 of a Mile, and 8 Inches higher if their Diftance 
is one Mile; for the Height of the Tangent above the Surface of the Earth 
in thefe Arcs *, 


3. Set the Index of the Quadrant to o Degrees, or exactly to the hori- 
zontal Radius, and direct the Telefcope to the Pole: if, while the vertical 
Wire runs along the Pole, the horizontal Wire runs exactly along that Edge 
of the Crofs-piece which was fet as high as the Center of the Teleicope, the 
Quadrant and Telefcope are right. If the horizontal Wire does not coincide 


* The Height of a Tangent to the Extremity of any fmall Arc above the other Extremity 
of that Arc, is a third Proportional to the Diameter of the Earth and the Length of the Arc, 
For, imagine a Diameter drawn to one End of the Arc, and produced till it meets a Tangent 
drawn to the other End ; then, by Eucl. B. III. Prop. 36. the Rectangle of the Diameter (in 
this Cafe the fame with the Secant) and produced Part is equal to the Square of the Tangent, 
If the Diameter is called d, the produced Part p, the Tangent t, and the Arc a; the two equal 
Rectangles will be exprefled thus d x p== txt: and becaufe a ‘mall Arc and its Tangent are 
fo nearly equal, that one may be affumed for the other ; in placeoft Xt, fubftitute a x a, and 
it will bed & p=»a Xa. When two Rectangles are equal, their Sides are reciprocally pro- 
portional (Eucl. B. VI. Prop. 14.) therefored:a::a: p; that is, as the Diameter is. to any 
{mall Arc, fuppofe one Minute, fo is that Arc to the Height of the Tangent above it. By this 
Proportion the Numbers in the Text were found, {uppofing the Diameter of the Earth to be 
41798147 Feet, 
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in that Manner, fhift it by the proper Screws till it does fo, and the qua- 
drantal Angle and Axis of the Telefcope will then be right. 








The Screws for fhifting the Wires are on the Telefcope, at the common 
Focus of the Objeé&t and Eye-glafs. If you fee the Edge of the Crofs-piece 
below the horizontal Wire, eafe the upper Screw, and fcrew in the lower 
one *; if the Edge of the Crofs-piece appears above the horizontal Wire, 
eafe the lower Screw, and fcrew in the upper one, till the horizontal Wire 
coincides with the Edge of the Crofs-piece ; and the Axis of the Telefcope 














is then right. 


This Adjuftment may be verified, by placing the Quadrant where the 
Pole ftood; and the Pole where the Center of the Quadrant was, and the 
Axis of the Telefcope, and the Edge of the Crofs-piece, at the fame Height 
above the Surface of the Water as at firft; then make the Radius of the 
Quadrant perpendicular by the Plummet, fet the Index to o Degrees, look 
through the Telefcope, and if the horizontal Wire and Edge of the Crofs- 
piece coincide again, the Angle of the Quadrant and Axis of the Telefcope 
are certainly right. If any Difference is perceived, move the horizontal 
Wire, by its Screws, half that Difference, and it will be rectified. 





The Graduations of a Quadrant may be examined in the fame Manner as 
ahofe of the Theodolite above mentioned, by applying the Vernier to the {e- 
veral Decrees, and Parts of a Degree. 


How to adjuft Bird’s twelve-inch Quadrant, as made before the Year 175%. 


For performing this, there are three principal Parts to be adjufted, 1. The 
Pillar is to be fet perpendicular to the Horizon. 2. One Side of the Qua- 
drant is to be fet perpendicular. 3. The Axis of the Telefcope, or Line 
of Sight, is to be made parallel to the horizontal Radius of the Quadrant. 


* As the Telefcope inverts Objects, what appears below the horizontal Wire is really above 
it, and therefore, {crewing in the lower Screw, which pufhes up the Wire, will bring it nearer 
the Object. The contrary is true of the upper Serew. 
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1. To fet the Pillar perpendicular. 


1. Set the Brafs Pedeftal on a firm Support. An iron-bound Cafk, with 
a Free-ftone, or thick Slate, kept on purpofe to cover the Top of it, is as 
good and convenient for a Surveyor as any thing. Then hang the Qua- 
drant on the Pillar, and by the Spirit-level and Screws in the Feet, the Pillar 
may be fet perpendicular in the following Manner. Turn the Quadrant till 
the upper Side is parallel to two oppofite Feet, and with one Hand unfcrew 
that Screw of the Foot toward which the Buble inclines, and, at the fame 
time, with the other Hand fcrew in the oppofite Screw, till the Buble refts 
equally between the two Marks, or Scratches, on the glafs Tube: then 
turn the Quadrant, horizontally, half round; and if the Buble does not 
reft exactly between the Scratches as before, by unfcrewing that Screw to- 
wards which the Buble inclines, and at the fame {crewing in the other, make 
the Buble move over half the Space in the Tube by which they differ, and 
remember toward which End it inclines. Then turn the Quadrant one 
Quarter round, till its upper Side is parallel to the other two Feet; and if 
the Buble does not reft in the fame Place, with refpect to the Scratches, as it 
did before, make it do fo by the Screws in the Feet ; and then bring it equally 
between the Scratches, by lowering that End of the Tube toward which 
the Buble ftood, or raifing the other End. For doing this, there are three 
Screws at each End of the Tube. To lower. one End, flacken the richt 
and left, or pufhing, Screws, and fcrew in the Middle Screw, till the Buble 
refts equally between the two Scratches: then the Pillar and Level are right, 
or nearly fo. To prove if they are exact, or to make them {o, if they are 
not; begin the fame Procefs over again, by firft turning the Quadrant half 
round, and if the Buble refts not equally between the Scratches, move it 
half the Difference by the Screws in the Feet; and then quarter round, 
and adjufting the Level firft fo far by the Screws in the Feet, and next by 
raifing or lowering one End of the Tube as before directed ; till you get the 
Buble to ftand in the fame Part of the Glafs when the Quadrant is turned 
half round and quarter round ; and the Pillar and Level will then be right. 
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Let it be adverted here, that in turning’ the Screws of the Feet, the Feet 
themfelves will be apt to fhift infenfibly on the Support ; which, if not pre- 
G z vented, 
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vented, will render this Part of the Adjuftment troublefome and tedious, 
To guard againft this, fmall Grooves, or Furrows, the Width of the Screw- 
ends fhould be funk a little in the Stone, or Support, and the Screws placed 
in thefe Grooves; or fome other equivalent Contrivance to keep the Feet 
from fhifting. 





2. To make one Side of the Quadrant perpendicular. 


This is done by making the Plumb-line hane firft over the fine Point at 
the Arrow-head, on the center Plate; and next to cover the other fine Point 
on the Arch below. 








Jt is made to hang over the upper Point, by fcrewing the elaftic Bit of 
Brafs (over which the Wire of the Plummet goes) out, or in, by its upper 
Screw-nail. It is made to hang over the lower Point, by the adjuftine: 
Screw within the Quadrant, which is turned by a round brotched Brafs- 
button on its Head. 


he Plummet fhould be made to hang in a finall Cup, or Veffel, filled 
with Water, to make it more fteady, and reft fooner: and if the Vefiel is. 
faftened by an Arm to the Pillar of the Pedeftal, fo as to move round alone 
with the Quadrant, it will be the more convenient. 





The Plumb-line fhould be made to hang very near the Plane of the Qua- 
drant, at the lower Arrow, but not to touch it : which is done by preffing 
with the Hand the elaftic Bit of Brafs before mentioned, a little backward 
‘or forward... 


3. To adjuft the Telefcope, or to make its Axis horizontal, when the Index is-at 
go Degrees. 


Set the Index to:go, ‘keeping the Plummet and Level right : then dire& 
the Telefcope to fome diftant Object above a Mile off, (but the farther the 
i better) till you fee 2 remarkable Part of it exaétly at the horizontal Wire: 

| then take off the Quadrant from the Pillar, by unfcrewing the two large 

fron-{crews ; and’ invert the-Quadrant, -by fcrewing it on again with the 


Arch 
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Arch uppermoft: then {crew to the Arch of the Quadrant a crooked Bit of 
Brafs, with a Notch in it, as near the Arrow as you can, and hang the Plum- 
met over that Bit of Brafs, moving it to one Side or the other, till the Line 
covers the Point on the Arch; and if it does not then cover the Point on the 
Center-plate alfo, make it do fo by the Screws in the Feet: then look 
through the Telefcope ; and if the horizontal Wire cuts the fame Part of 
the Object it did before Inverfion, the Telefcope is right. If the Object ap- 
pears higher or lower, the Wire in the Telefcope muft be moved half the 
Difference, by the two Steel-fcrews near the Eye-end of the Telefcope: if 
the Object appears higher than the horizontal Wire, eafe the lower Screw, 
and {crew in the upper one; if the Object appears below, eafe the upper 
Screw, and icrew in the lower one; till the horizontal Wire cuts the diitant 
Objeé&t at half the Difference it did before inverting it: then it is adjufted 
for Obfervation. 


The Wire in the Telefcope ‘that is applied to the Limb of the Sun, in 
taking its Altitude, ought to be exactly horizontal when the Plane of the 
Quadrant is perpendicular. To find if it is fo: adjuft the Quadrant by the 
Level and Plummet, as before directed, then point rhe Telefcope to fome 
fmall diftinét Object at a Diftance, as the Top of a Rock, a Chimney-head, 
&c. and remark a particular Part of it which the Wire croffes: turn the 
‘Quadrant a little about gently, towards one Side; and if all Parts of the 
Wire pafs over the fame Part of the Object, the Wire is truly horizontal. 
But if one End of the Wire croffes the Object higher, or-lower, than the 
other, prefs the two {mall Screws that govern the Wire between your Fin- 
ger and T’humb, and at the fame Time turn them fide-wife, but in oppofite 
Directions, till, upon looking again, and turning the Quadrant, you find all 
Parts of the Wire pafs over the fame Part of the Object ; then it is truly 
horizontal, 


Thefe Adjuftments may feem difficult and tedious at firft, but they are 
neceflary : and by practifing two or three Times within Doors, till a right 
way of handling the feveral Parts of the Quadrant becomes familiar, they, 
will be found much eafier than may at firft be imagined, 
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When a Quadrant of this Sort, made by a good Artift, has been firft veri. 
fied and adjufted, the fimpleft and eafieft way of examining a Theodolite or 
Hadley’s Quadrant is, firft to take an Angle between any two {mart Objeéts 
with the verified Quadrant, and then with the Inftrument under Examina- 
tion; and if they differ, to afcribe it to the latter, 


How to examine a magnetic Needle. 


Firft fet the Box level; by raifing, or lowering, one Side of it, till each 
Kind of the Needle, when it plays from Side to Side, runs alone the Cir- 
cumference of the graduated Circle in the Box; and both Ends of the 
Needle, when at reft, point equally high on it. Then turn the Box gently, 
till one End of the Needle refts at the Beginning of the Graduations exactly, 
and if the other End points exaétly to 180°, the oppofite Graduation, the 
Needle is fo far right centered. Next turn the Box go Degrees round, and 
if the Ends of the Needle then point precifely to the oppofite Degrees, then 
the Needle is truly centered. Each Degree may be tried in the fame 
Manner. 


Obferve likewife if the Cap in the Center of the Needle is fmall and taper- 
ing in the Infide, or large and fpherical : if it is a Portion of a large Sphere, 
the Point of the Steeple will be apt to reft on different Parts of it, and by 
that Means vary the Center of the Needle, and caufe it to point wrong, 
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| Meridional Problems. by the Stars; and Variation of the magnetic 
: Needle by the Sun. 


How to fix a meridian Line by a Star, when it can be feen at its greateft ’ 
Elongation on each Side of the Pole. 


ROVIDE two Plummets. Let one hang from a fixt Point: let the 

other hang over a Rod, fupported horizontally about 6 or 8 Feet above 
the Ground, or Floor in a Houfe, and fo as to flide occafionally alone the 
Rod: let the moveable Plummet hang four or five Feet northward of the 
fixt one. Some time before the Star is at its greateft Elongation, follow it, in 
its Motion, with the moveable Plummet, fo as a Perfon a little behind the fixt 
Plummet may always fee both in one, and juft touching theStar. When the Star 
becomes ftationary, or moves not beyond the moveable Plummet, ‘fet up a 
Light on a Staff, by Signals, about half a Mile off, precifely in the Di- 
rection of both the Plummets. Near twelve Hours afterwards, when the 
Star comes towards its greateft Elongation on the other Side of the Pole, 
with your Eye a Foot or two behind the fixt Plummet, follow it with the 
moveable Plummet, till you perceive it ftationary as before: mark the Di- 
rection of the Plummets then by a Light put up precifely in that Line: 
take the Angle between the Places of the two Lights with Hadley’s Qua- 
drant, or a good Theodolite, the Center of the Inftrument at the fixt Plum- 
met; and a Pole fet up in Day-light, biffecting that Angle, will be exadly 
in the Meridian feen fromthe fixt Plummet. 


This Obfervation will be more accurate if the Eye is fteadied by view- 
ing the Plumb-lines and Star through a fmall Slit in a Plate of Brafs ftuck 
upright on a Stool, or on the Top of a Chair-back. 


This Problem depends on no former Obfervations whatever ; and as there 
is nothing in the Operation, or Inftruments, to affect its Accuracy, but 
what any one may eafily guard againft, it may be reckoned the fureft Fcun- 
dation for all fubfequent celeftial Obfervations that require an exact Me- 
ridian Line. The only Difadvantage is, that it cannot be performed but in 
Winter, and when the Stars may be feen for 12 Hours together; which re- 
quires the Night to be about 15 Hours long, How 
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Hew to fix a Meridian-line by two circumpolar Stars that have the fame Right- 
afcenfion , or differ precifely 180 Degrees. 


Pitch on two Stars that do not fet, and whofe Right-afcenfions are the 
fame, or exactly 180 Degrees different; take them in the fame vertical 
Circle by a Plumb-line, and at the fame Time let a Light be fet up in that 
Direction, half a Mile, or a Mile off, and the Light and Plummet will be 
exactly in the Meridian. 


In order to place a diftant Light exactly in the Dire&tion of the Plumb- 
line and Stars, proceed in. the following Manner, Any Night before the 
Obfervation is to be made, when the two Stars appear to the Eye to be in a 
vertical Pofition, fet up a Staff in the Place near which you would have the 
Plummet to hang; and placing your Eye at that Staff, direét an Affiftant to 
fet another Staff upright in the Ground, 30 or 40 Yards off, as near in a 
Line with the Stars as you can, Next Day, fet the two Staffs in the fame 
Places; and in their Direction, at the Diftance of a Mile, or half a Mile 
northward, cut a {mall Hole in the Ground, for the Place where the Light 
is to ftand at Night; and mark the Hole fo, that a Perfon fent there at 
Night may find it. 


Then chufe a calm Night, if the Obfervation is to be mate without Doors ; 
(if it is Moon-light, fo much the better) and half an Hour before the Stars 
appear near the fame Vertical, have a lighted Lanthorn ready tied to the 
Top of a Pole, and fet upright in the diftant Hole marked for it the Night 
before ; and the Light will then be very near the Meridian, feen from the 
Place marked for the Plummet. At the fame Time, let another Pole, or 
Rod, 6 or 8 Feet long, be fupported horizontally where the Plummet is to 
hang, fix or feven Feet from the Ground, and hang the Plumb line over 
it, fo as to flip eafily along it either to one Hand or the other, as there may 
be Occafion (or tie a Staff firmly acrofs the Top of a Pole fix or feven Feet 
long ; fix the Pole in the Ground, and make the Plumb-line hang over the 
Crofs-ftaff.) Let the Weight at the End of the Line be pretty heavy, and 
{wing in’a Tub of Water, fo as it may not fhake by a {mall Motion of the 
Air. Then fhift the Plumb-line to one Hand, or the other, till one Side of 
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! * , 7 = = 9 wr 74 
| the Line, when at Reft, cuts the Star which is meareft the Pole of the World 

tne 3 9 3 > 
' 


S 
and the Middle of the Light together: as that Star moves, continue moving 


t 
: the Plumb-line along the Rod, fo as-to keep it always on the Light and Star, 


mm 
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till the other Star comes to the fame Side of the Plumb-line alfo; and then 
the Plummet and Light will be exactly in the Meridian. 

There are not two remarkable Stars near the North Pole, with the fame 
Right-afcenfion precifely, or juft a Semicircle’s difference: but there are 
three Stars that are very nearly fo, viz. the Pole-ftar, ¢ in Urfa Major, and 
y in Cafiopeia. If either of the two laft, particularly <, are taken in the fame 
Vertical with the Pole-ftar, they will then be fo very near she Meridian, that 
no greater Exactnefs need be defired for any Purpofe in Surveying. At Lon. 
don y 1s about 1/ Weft of the Meridian then; and ¢ much nearer it, on the 
Weit Side likewife. Stars towards the S. Pole proper for this‘Obfervation 
are, », in the Head of the Crofs; «, in the Foot of the Crofs ; and a, in the 
Head of the Phenix. 


flow to find a Meridian-line by a circumpolar Star, when it is at its Lgreatept 
zimuth from the Pole. 


By a-circumpolar Star is here meant, a Star whofe Diftance from the 
Pole is lefs than either the Latitude, or Co-latitude, of the Place of Obtervation, 


x. Find the Latitude of the Place in which you are to obferve the Star, 


2. Pitch on a Star whofe Declination is known, and calculate its ereatelt 
Azimuth ftom the North, or elevated Pole. 


3- Find at what Time it will be on the Meridian the Afternoon you are to 
obierve ; fo as to judge about what Time to begin the Obfervation. 


4. Prepare two Plummets, and follow the Star with one of them, (as di- 
rected in Page 47.) until the Star is ftationary, then fet up a Licht half a 
Mile, or a Mile off, in the Direction of the Plumb-line and Star, and mark 
the Place of the Light in the Ground, and alfo of the Plumb-line. 


5. Next day fet up a Pole where the Light ftood, with a F lao flying at it. 
Then with a Theodolite, or Ffadley’s Quadrant, fet the Index to the Degree Wis 
H and Mae 
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and Minute of the Star’s Azimuth from the North, found before; direct; 
by waving to one Hand or the other, an Affiftant to fet up-a Staff on:the 
fame Side of the Pole with a Flag as the Pole-of the World was from. it, fo 
as at the Plumb-line thefe two Lines may make an Angle equal:to the Azi- 
muth of the Star, and the Plumb-line and Staff will then be in the Meridian, 








When any Star is defcending, it ison the Weft-fide of the Pole of the 
World ; while it afcends, it is on. the Eat fide of it. 


The Pole of the World is always between the Pole-ftar-and Urfa-major : fo 
that when Urfa-major is W. or E. of the Pole-ftar, the Pole of the World is 
W. or E. of it likewife. 











To find the greateft Azimuth of a circumpolar ftar from.the Meridian, 
ule the following Proportion. 


Cofine of the Lat. : R:: 8S. of the Star's Diftance from the Pojé + 8. of its 
greatef Azimuth. 


4 


The greateft Azimuth is when the Star 1s bekew the horizontal Diameter: 


of its diurnal Circle.as-menyDegrees,. Cmeahired on-that-Circle) asis-equalte, 


the-Star’s -polar-Diftance. 





On the N. Side of the Equator, the Pole-{tar is the moft convenient for 
this Obfervation ; for the Time when it is atits greateft Elongation from 
the Pole, may be known fufficiently near by the Eye; by obferving when 
¢ in Urfa-major and » in Cafiopeia appear. to be in.a horizontal: Line, or pa- 
rallel to the Horizon; for that is nearly the Time, Or, the Time may. be 
found more precifely by making faft a fall Piece of Wood along the Plumb- 
line whem extended, with a Crofs-piece at right Angles to ‘the Top of the up- 
right Piece, like the Letter TI; when the Plummet is at Reft, and both Stars 
are feen touching the upper Edge of the Crofs-piece, then they are both ho- 
rizontal.. It is another Conveniency in making ufe of this Star, that it. changes 


its Azimuth much flower than other Stars, and therefore affords more Time 
to takeits Direction exa. 


On the South-fide of the Equator, the Head of the Crofs is the moft con- 
venient for this Obfervation, being neareft to the S, Pole; and the Time of 


3 its 
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its coming to the horizontal Diameter of the diurnal Circle, when it appears in 

a horizontal Line with the Foot ofthe Crofs, or the Head of the Phenix ; 
Lee Fo ee tw : = S 

and its Greate. Azimuth“one Hour fixteen Minutes before or after th 
A 5 if ret ; 

is E. or W. of. the Meridian. The Pole of the World is betwee 


en the Head 
of the Crofs and the laft of thefe Stars. 


ALS SaSsit 


To find when any Star will come to the Meridian, either in the South or 
North. Find the Star’s right Afcenfion, in Time, from the moft correct 
Tables, alfo the Sun’s. right Afcenfion for the Day, and Place propofed ; 
their Difference will fhew the Difference between their Times of. coming on 
the Meridian in the South, or between the Pole and Zenith ; which will be 
after Noon if the Sun’s right Afcenfion is leaft, but before Noon if createft. 
Eleven Hours 58 Minutes after the Star has been on the Meridi 
Pole, it will come to the Meridian North of it,.or below the Pole, 


an above the 


Given the Latitude of the Place, and the Declinations and right Afeenfions of two 
Stars in the fame vertical Line; to find the horizontal Diftance of that Verti- 
cal from the Meridian; the Time one of the Stars will take to come from the 
Kertical to the Meridian ; and the precife Time of the Obfervation. 


CASE F 
When the two Stars are northward of the Zenith: 
Peter bce Polen fale tea SCV 


Tet Z P ©-be a Meridian, Z the Place of Obfervation, HO its Horizon, 
and Z Va vertical Circle pafling through. two known Stars, s and S; P 
the Pole, E Q the Equator, Ps D and PS d Circles of Declination-(or 
right Afcenfion) paffing through thefe. Stars ; then is Z P-the.co. latitude of 
the Place, P s and P S the co. declination of the two Stars refpectively, and. 
the Angle s P S the neareft Diftance of their Circles of: right-Afcenfion ; 
V. Q,the Arc of the Horizon between the vertical Circle and, the Meridian; 
and dQ the. Arc of the Equator between the Star S and the Meridian. 
When, in the Triangle P Z s, the Angles P Zs ands P Z (meafured by the 
Arcs V O and D E) are found, the Problem is folyed, 
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i. Begin with the oblique-angled Triangle Ps S; in which are given twe 
Sides Ps and P S, the co, déclinations of the two Stars refpectively, and 
the included Angle S Ps; which Angle is the Difference of their right 
Afeenfions when it is lefs than 180 Degrees ; but if their Difference is more 
than 180°, then the Angle S P s is equal to the lfler Right-afcenfion added 
to what the greater wants of 360 Degrees, From hence find the Angle 


ve 


Ss P by the following Proportions. 

As Radius 

Is to the co. fine of the given Angle (S P s) 

So is the Tan. of the Side oppofite the required Ang. (P s) 

To.the Tan. of an Angle, which call M. 
M. is like the Side oppofite the Angle fought, if the given Angle is 
acute; but unlike that Side, if the given Angle is obtufe *. 

















Se 
, 5 =~ Z 
6 : 4 7 . ~ 


PP 


Take the Difference between the Side (P S$) adjacent the required 
Angle and M; callit N. Then, 








Sine N: Sine M. ::: Tan, of *the given Angle (S Ps): Tan. of the re- 
quired Angle (S s P) which is like the given Angle if M is lefs than the 
Side (P S) adjacent to the required Angle; but unlike the given Angle if 
M is greater than P S. 


Po PUP 


2. Next in the oblique-angled Triangle P s Z there are given two Sides, 
P Z the co-latitude of the Place of Obfervation; Ps, the co. declination of 
the Stars; and the Angle P s Z oppofite to one of them, which is the Sup- 
plement of P s S (laft found) to 180°: from thence find the Angle P Zs 
oppofite the other Side, by the following Proportion. 


_ 


. Sine of PZ: SinePs Z:: Sine Ps: Sine P Zs. either acute or obtufe. 


caer aeerceny Katalin ea 


This Angle P Z s, meafured by the Arc of the Horizon V O, is therefore 
equal to the horizontal Diftance of the Vertical of the two Stars from the 


* Two Arcs, or Angles, are faid to be like, or of the fame Kind, when both are lefs than 
go°, or both more than go°: but are faid to be unlike, when one is greater and the other lefs 
than 90°: and are made like, or unlike, to another, by taking the Supplement to 180° of the 
44r¢, or Angle, produced in the Proportion, in place of what the Proportion brings out. 


Meridian. 
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Meridian. Let the Direction of the Vertical be taken by a Plumb-line and 
diftant Light, as before directed, or by two Plumb-lines, and marked on 
the Ground. Next Day, the Degrees and Minutes in the Arc V O may be 
added to it by Hadley’s Quadrant, and a Pole fet up there, which will be in 
the Direction of the Meridian from the Pumb-line. 


3. Laft, in the fame Triangle P s Z, find the Angle s P Z between thé 

civen Sides, by the following Proportions. 

As Radius 

Is to the Tan. of the given Angle (Ps Z) 

Sois the co. 5. of the adjacent Side (P s) 

To the co. t. of M. 
M is acute, if the given Angle and its adjacent Side are like ; but obtufe, 
if the given Angle and the adjacent Side are unlike. 

As the co. t. of the Side adjacent to the given Angle (P s) 

FIs to the co. t. of the other Side (P Z) 

So is the co. s. Mb 

Fo the co. s. of an Angle, which call N. 
N is like the Side oppofite the given Angle, if that Angle is acute; but 
unlike the Side oppofite the given Angle, if that Angle is obtufe. 


Then the required Angles P Z is either equal to the Sum or Difference 
of M and N, as the given Sides are like or unlike. 


The Anele s P Z, thus found, added to s P'S, and their Sum fub- 
tracted from 180° will leave the Angle d' PQ, or the Arc d Q that meafures 
it, which is the Arc of the Equator the Star S muft pafs over in-coming from 
the Vertical, Z V, to the Meridian. Which converted into Time, and. 
meafured by a Clock, or Watch, beginning to reckon the precife Moment 
that a Plumb-line cuts both Stars, will fhew the Hour, Minute, and Se 


cond that S.is on the Meridian. 


Find, by the right Afcenfion of the Star and Sun, at what’ Time that Star- 
fhould come to. the Meridian ia the North the Night of the Obfervation; 
fubtraét from it the Time the Star takes from the Vertical to the Meridian, 
and the Remainder, corrected by the Sun’s Equation, will be the Time when. 


the two. Stars. were in the fame Vertical. 
‘The 
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The lewelt of the two Stars comes fooneft to the Meridian below the 
Pole; the higheft of them comes fooneft to that Part of the Meridian which 


is above the Pole. 


The riearer in Time one of the Stars is to the Meridian when the Obferva- 
tion is made, it is the better: for then an ordinary Watch will ferve to 
meafure the Time fufficiently exact. It is ftill more advantageous if one of 
them is above the Pole when the other is below it. 


The nearer one of the Stars is to the Pole, and the farther the other is 
from it; the more exaét will this Obfervation be; becaufe the Change of the 
Vertical will be the fooner perceived. For this Reafon, in North Latitudes, 
Stars northward of the Zenith are preferable to thofe that are fouthward 
of it, 





*, 


If the two Stars are paft the Meridian when they are obferved in the fame 
Vertical, then the Arc d Q gives the Time S took to come from the Meri- 
cian to the Vertical ; and muft be added to the Time when that Star was on 
the Meridian to give the Time of the Obfervation: and the Arc of the 
Horizon V O muft be marked on the Ground on the Side of the Vertical 
contrary to. what it would have been in the foregoing Suppofition ; that is, 
eaftward delow the Pole, and weftward above it. 


ee 


POP 
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When two Stars come to the vertical Line near the Meridian, it may be 
difficult to judge on which Side of it they are at that Time ; for determining 
this, the following Rules may ferve. 


The right Afcenfion of two Stars may be either each ifs, or each more 
than 180 Degrees, or one more and the other le/s. 


When the right Afcenfion of each of the Stars is either le/s, or more, than 
180 Degrees, they will come to the fame Vertical on the Ea/t-/ide of the 
Meridian when the Star with the greate right Afcenfion is the Joweff ; but on 
the Weft Side of the Meridian when it is bighef. 


When 
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When the right Afcenfion of one of the Stars is more than 180 Degrees, and 
that of the other lefs. 


If the right afcenfion of the higheft is lefs than 180°; but greater than 
the Excefs of the other’s right Afcenfion above 180°, then they come to the 
Vertical on the Eaft Side of the Meridian. But if the right Afcenfion of 
the higher Star is lefs than. that Excefs, they come to the Vertical on the 
Weft Side of the Meridian. 


If the right Afcenfion of the higher Star is more than 180 Degrees, and_. 
that Excefs is /e/s than the right Afcenfion of the lower Star, then they 
come to the Vertical on the Weft Side of the Meridian ; but if the Excefs of 
the higher Star’s right Afcenfion above 180° is.mere than the right Afcen- 
fion of the lower Star, then they come ta the fame Vertical on the Zaft 
Side of the Meridian, 


iss ame tag aia dba 


When the two Stars are in the fame Vertical fouthward of the Zenith. 


Bibgh kad. be Goo XVI 


When two Stars are obferved in. the fame vertical Line fouthward of the 
Zenith (or toward the deprefled Pole), the Operations and Solutions age 
nearly the fame as in Cafe 1. For let. P ZO be a Meridian, Z the Place 
of. Obfervation, O H its Horizon, Z V a vertical Circle pafling through 
the two Stars S ands; P the Pole, Q E the Equator, P D and Pd two 
Circles of Declination (or right Afcenfion) pafling through the two Stars 
refpectively : then is Z P the eo. latitude of the Place, P S and Ps the co. 
declination of the two Stars. refpectively,. the Angle S Ps the Difference of 
their right Afcenfions, the Angle.S.Z Q (or O. V the Arc of the Horizon : 
which meafures it) the Diftance of the Vertical from the Meridian the hie 
Angle s.P Z (ord Q which meafures it) the Arc of the Equator, which s 
muft pafs over from the Vertical to the Meridian, which. converted into 
Time, and meafured by a Watch, will. fhew when s is on the Meridian ; 


ana 
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and fubtracted from the calculated Time that the Star fhould come to~the 
Meridian, will (when corrected by the Sun’s Equation) give the true Time 
of the Obfervation: S P s is the Triangle to begin the Solution with; and 
in the Triangle s P Z, the Angles s P Z and s Z P, when found, will give 
the Solution of the Problem, as in Cafe 1. For the Supplement of s Z P 
to 180° is the Angle V Z O (or its Meafure O V) the horizontal Diftance 
of the Vertical from the Meridian ; the Angle s P Z (or its Meafure d Q ) is 
the equatorial Diftance of the Vertical from the Meridian : for all which the 
Solution in Cafe 1. properly applied, will ferve. 








On the South Side of the Zenith, when the highef of the two Stars has 
the deaft right Afcenfion, they come to the fame Vertical on the Laft Side of 
the Meridian; but when the higheft Star has the greateft right Afcenfion, 
they come to the fame Vertical on the Wef Side of the Meridian. 


How to fix a Meridian-line by the Equality of the Time of Afcent and Defcent of 
a circumpolar Star toward the Meridian. 


For performing this Problem it is neceffary to have a good Clock, or a 
eood Watch, in the Room where the Obfervation is made, or in a Room 
adjoining to it. The Clock-cafe fhould be fet perpendicular by a Plummet, 
and the Back of it {crewed firm to wooden Wedges, or to Holdfafts of Iron, 
driven tight in a Brick, or Stone Wall; or to an upright maffy Poft, or 
Beam, fet two or three Feet into the Ground below, and fupported higher 
up by inclining Stays on two or three Sides : for if a Clock is not fixed firm, 
but fet up againft an ordinary Wainfcoting, or is liable to any Shake by 
Perfons walking on the Floor, it will never be made to go exactly. There 
fhould likewife be fome Contrivance to prevent the lengthening or fhortening 
of the Pendulum by Heat and Cold. When the Clock has been placed 
perpendicular: and immoveable, then it muft be exactly regulated to keep 
equal Time, which may be done in the following Manner. 3 


Take notice of any Star that will be hid from your Sight, any Time of 
the Night, by a Chimney-head, the Corner of a Houfe, or a Poft fet. firm 
in the Ground for that Purpefe. Make a fmall Hole in a Window-fhutter, 
or a Door, or in athin Plate of Metal fixed in either of them, through 
which 


* 
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which the Star may be feen. A little before the Star will be hid, ftop 
your Clock, or Watch, with the Second-hand at 60; write down the Hour 
and Minute at which it was ftopt ; continue looking to the Star through the 

Hole; and the Inftant the Star difappears peric a the Chimney-head, or 
other Object, fet the Clock or Watch agoine. If a Watch is made uf of, 
it may be held in your own Hand, with your Finger at the Stopper, while 
you look to the Star through the Hole. If it is a Clock, you muft have 
an Affiftant ready to let got the Pendulum the Moment you call out, Now. 

Next Night, about the fame Time, look through the fame Hole; and watch 
the coming of the fame Star toward the fame Object, and the Moment it 
difappears, ftop the Clock, or Watch, till you write down the Hour, Mi- 
nute, and Second.at which it was ftopt; and if the Time between the two 
Obfervations fhewn by it, amounts precifely to 23 Hours, 56 Minutes, 4 
Seconds, the Clock, or Watch has kept Time exa¢tly. Ifthe Time fhewn 
by it is more than that, then it goes fo much fafter in a Day than it ought 
to do: if the Time fhewn is lefs than that, then it goes fo much flower than 
it fhould do to keep equal Time: and the Error in a Day fhould be noted 
down, fo as to be allowed for afterwards, in cafe the Clock or Watch can- 
























not be brought precifely to equal Time, but may fall fhort, or exceed it, by 
a certain Number of Seconds each Day. If there is Time enough, it is better 
to let feveral Days, or a Week, intervene between the two Obfervations, and 
for each Day elapfed, to allow 3 Minutes 56 Seconds for the Acceleration of 
the Star’s Revolution. That is, if the Clock or Watch goes equally, the 
Star will difappear behind the Object 3 Minutes 56 Seconds fooner the fe- 
cond Night, or in one Day, than it did the firft; in two Days, it will dif- 
appear 7 Minutes 52 Seconds fooner; the fourth Night (or in three Days) 
11 Minutes 48 Seconds fooner by the Clock or Watch than the firft Night ; 
and {fo in Proportion for any Number of Days; or, a little more precifely, 
according to the following Table, 


When 
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When the Clock has been exactly regulated to go 
equal Time, then pitch on a Star which does not fet, 





and is neither very near the Pole, nor too far from it. m 3 9 * 
If it is very near, it will change its Vertical flowly, 2. 4 2a 3 
and the precife Time of its coming to it will not be 4.| 15+.| 43.61 36 
fo eafily diftinguifhed : if it is too far from the Pole, 2 y oo 3 
it will come tothe hieheft Part of its diurnal Circle, 7.| 27. ae a 
too near the Zenith to be obferved accurately at the 8.| 31-4 27.4 12 


Oo 
W 
OWN 
i) 
Ww 
fos 


lumb-line. Some Star in the great Bear may be the | 6. 
moft- convenient. Hang two Plummets with heavy 
Bobs, fwinging in Water, near a large open Window, 
or Door, facing the North, and as nearly in the Direction of the Meridian 
as you can; let the Plumb-line next your Eye be fixt, and the other move- 
able at pleafure from one Hand to the other. The Eve fhould not be too 
near the fixt J.ine, nor the fartheft Line of too {mall a Size; for then they 














will appear mifted, tranfparent and ill-defined, and the precife Time of the 
Star’s Appulfe will not be known ; but the Diftance of the Eye and the 
“Phicknefs 6f the Lines fhould, by previous Trial, be fuited to diftinét Vifion. 
Stop the Clock at any Hour, with the Minute and Second Hands at 60, and 
write down the Hour they point out. Near the Time that.the Star comes inthe 
Dire&tion of both Plumb-lines, let an Affiftant hold back the Pendulum of the 
Clock, fo as to be ready to let it go when you call to him: keep both Plumb- 
lines in one from your Eye, and the Moment the Star touches one Side of them, 
call out, Now; that your Affiftant may immediately let go the Pendulum ef 
the Clock. Take care the Plummets be not fhifted in the leaft; and, near 
twelve Hours afterward, when the Star next approaches near to the Direction 
of the Plumb-lines, take them in one from your Eye, and let your Affiftant 
watch the Second-hand of the Clock, counting each Second audibly by. the 
Beats; and the Moment you fee the Star at the fame Side of the Phamb- 
lines as in the firtt Obfervation, call out, Now: your Affiftant muft imme- 
diately call out the laft fecond he counted, fo as you may know it and mark 
itsdown, while he looks to the Minute and notes it down; then write down 
the Hour, Minutes and Seconds all together. In the fame Manner, near 
twelve Hours thereafter, when the Star approaches near to the Plumb- 
lines on the other Side of its diurnal Circle, take the Plumb-lines in one 
with your Eye; ler your Affiftant count the Seconds by the Beats of the 

3 Clock 
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Clock, and the Moment the Star touches the fame Side of the Plumb-line 
as before, call out, Now; that he may repeat, audibly, the Second he 
counted laft, which you muft note dewn, while he looks the Minut-, 
and notes it down. If the Time of the Star’s Afcent on one Side cf 
t-e Plumb-lines is exaétly equal to the Time of its Defcent on the other, 
then the Plumb-lines hang precifely in the Meridian. If thefe Times are 
unequal, fhift the moveable Plummet a little toward that Side where the 
Star took the longeft Time, and begin the fame Operations again, and con- 
tinue them till you find the Star takes equal Time on each Side of the Plumb- 
lines. 


In Obdfervations of this kind, where the Time is required to be known, it 
may be managed without an Affiftant, after fome Practice. For one may 
catch the Second from the Clock by his Eye a little before the Time of Ob- 
fervation, and continue counting the Seconds or Beats ty the Kar, while his 
Eye watches the Star ; and the Inftant it is hid, he fhould repeat the laft Se- 
_cond till he fees the Minute on the Clock, and then write down both together. 
Or, begin to count the Seconds by the Ear from the Moment of the Ob- 
fervation, till you can fee the Time fhewn by the Clock, from which fubtraét 
the Number of Seconds you counted, and you will have the Time of the Ob- 
fervation according to the Clock, 


If the Pendulum of the Clock is contrived to keep of an equal Length, a 
notwithftanding the Variations of Heat and Cold; if it is not wuond up be- a 
tween the Obfervations, or does not ftop in the Time of winding ; and if ir 
is well regulated immediately before the Obfervations begin, and again veri- 
fied by the diurnal Revolution of a Star when they are over; a very exact 
Meridian Line may be found this way. But fuch Clocks are rarely to be 
met with; the Operation is often tedious ; and is practicable only in Winter, 
and when the Sun does not fet later than about half an Hour after four, 
for the Stars are feldom feen in Winter diftinétly, till the Sun is near an 


Hour and a half fet. 


In this Operation, a Watch is managed much in the fame Manner as a 
Clock ; only, when it is to be ftopt during the Obfervation, the Obferver 


may do it himfelf, by holding the Watch in both Hands, with his Finger at 
Mp2 the 
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the Stopper. When the Time is to be noted without {topping the Watch,, 
then, near the Appulfe of the Star to the Plumb-lines, an. Affiftant muft 
count thc Seconds by the Motion of the Second-hand; and, when the Ob-. 
ferver calls out, Now, muft repeat audibly the laft Second he counted, that 
the Obferver may note it down, while the Affiftant looks to and notes the 
Minute. 


Though other Methods of finding a Meridian-line than thofe above, except 
the laft, have been generally practifed and recommended. by Aftronomers,: 
yet it will be evident to Theorifts, efpecially fuch as are accuftomed to, ce- 








leftial Obfervations, that when the Places of the Stars are exactly known, 
this important Problem may be performed more eafily, and with more Cer- 
tainty, by means of a Plummet, which adjufts itfelf, than by any other In- 
ftruments, or Obfervations whatever on the Sun. For it is well known, that 


in folar Obfervations, the Air, the Object, the Inftruments, the Obferver, 








may each occafion fome Inaccuracy, which the moft Expert eannot altoge- 
ther avoid; but they are either quite removed, or eafily prevented; in our 
way, by the moft inexperienced Performer. 





Fhe polar Diftances and ri Ke Afcenfions of thefe fix Stars-in 1770, 
were as follows: - fignifies increafing, — decreafing. 





Char. |Diftance from pales R. Afcenfion [Increafes |R. Afeenfion|tncreates | k 
and |the Pole. in * in in in in e 
Mag. Io Years. Degrees. 10 Years.| Time. Io Years.} 
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Chap.5. MARITIM SURVEYING 6r 


PROB, 


How to find the Sun's Amplitude at Rifing, or Setting, and from thence the Va- 
riation of the magnetic Needle. 


Make the Needle level with the graduated Circle in the Box, Then, 
when the Sun’s lower Edge is a Semidiameter above the Horizon, take 
the Bearing of its Center (from the N. or S. which ever is neare{t) 
through the Sights, making the Thread biffe& the Sun’s Difk, and that fab- 
tracted from go°, will be the Sun’s magnetic Amplitude, or Diftance from 
the E. or W. Points by the Needle. 


Next, calculate the Sun’s true Amplitude for that Day, by the following 

Proportion. 

AAs the co. fine of the Latitude, 

Is to Radius, 

So 1s the Sine of the Sun’s Declination at Setting or Rifing, 

To the Sine of his Amplitude from the W. or E. 
Which will be N. or S. as the Sun’s Declination is N. or S: and the Dit. 
tance in Degrees and Minutes between the true E. or W. and the magnetic, 
is the Variation of the Needle. 








An eafy and fure way to prevent Miftakes, which the Unexperienced are 
liable to in this Calculation is, to draw a Circle by Hand, reprefenting the 
vifible Boundary of the Horizon, and on it to mark the feveral Data by. 
Guefs; then by. infpecting the Figure it will eafily appear how the Variation 
is to be found, whether by Addition or Subtraction, and on which Side of 
the North it lies. For Example: 


Pbk i. GG eV, 


Suppofe the Variation was fought at Sun-fetting. Draw by Hand a 
Circle NWSE, to reprefent your vifible Horizon: in the Middle of it 
mark the Point C, for your Station: from C, draw the Line C W, to re- 
prefent the true Weft; then on the North or South Side of that loine,. ac- 
cording as the Sun fet northward or fouthward of the true Weft, draw the 
Line 
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Line C ©, reprefenting the Direction of the. Sun’s Center at fetting, and 
another Line C w, for the magnetic Weft, either on the North or South 
Side of ©, as it was obferved to be, and at its judged Diftance. Then by 
obferving the Situation of thefe Lines, it will eafily occur whether the mac- 
netic Amplitude and true Amplitude are to be added, or fubtraéted, to give 
the Variation ; and on which Side of the true North the Variation lies. In 
the prefent Suppofition, w © is the magnetic Amplitude, and © W the true 
Amplitude; © W therefore muft be fubtracted from © w to give w W the 
Dittance of the one from the other: and n, the magnetic N. go Deg. from 
w, muft be weftward of N, the true North. 











This Method is fufficiently exact for finding the Variation ; but it is not 

exact enough for fixing a precife meridian Line: becaufe of the Uncertainty 

f the Refraction, and of the Sun’s Center: but if the Sun afcends, or de- 
fcends, with little Obhiquity, the Error then will be very little. 


© 





Low to find the Sun’s Azimuth, and from thence to find the Variation of the 
Needle. 


Firft let the Latitude of the Place be exactly found. Next let the Qua- 
drant be carefully adjuited for Obfervation. Then, two or three Hours be- 
fore or after Muid-day, take the Altitude of the Sun’s Center as exactly as 
poffible, making the vertical Wire of the Telefcope biffect the Sun’s D.fk ; 
and, without altering the Plane of the Quadrant in the leaft, move the 
Telefcope vertically till you fee fome diftant fharp Objeé&t on the Land, ex- 
actly at the vertical Wire; and that Object will be in the Direction of the 
,sun’s Azimuth when the Altitude of its Center was taken. If no fuch Ob- 
ject is to be feen, let a Pole be fet up in that Direétion, about half a Mile 
off, or as far as can be feen eafily. 


Next calculate the Sun’s Azimuth by the following Rule. 


OED ITE TT 


Add the Complement of the Latitude, the Complement of the Altitude, 
and the Complement of the Sun’s Declination to go® together, and take the 
half of that Sum, and note it down: fubtraét the Complement of the De- 
clination from the half Sum, and take the Remainder; then take the Com- 

plement 
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3 
plement arithmetical * of the Sines of the Complement of the Altitude, and 
of the Complement of the Latitude, and add them together, and to them 
add the Sines of the forementioned half Sum and Remainder: half the Sun 
of thefe four Logarithms is the co. fine of half the Azimuth required. There- 
. ah} c © f. 

fore find by the Tables what Angle that co. fine anfwers to; double that 
Angle, and that will be the Sun’s Azimuth from the North. 

If the Sun’s Declination is S. in North Latitude, or N. in South Lotitude 
in place of taking the Complement of the Declination to 90°, add go° to 
it, and proceed as before. 

In South Latitudes the Azimuth is found in the fame Manner; only 

¢ 
the Sun’s Azimuth is found from the S, 


a 
2 


Then, to find the Variation, place your Needle below the Center of the 
Quadrant, fet it level, and find how many Degrees the Pole, or Object, in 
the Sun’s Azimuth, bears from the North by the Needle ; and the Difference 
between that and the Azimuth found by Calculation, is the Variation of the 
Needle fought. 


If the Sun aicends, or defcends with little Obliquity, a Meridian Line 
may be fixed pretty exactly this way, becaufe a fmall Inaccuracy in the Al- 
titude of the Sun’s Center will not be fenfible in the Azimuth. But when 
the Sun does not re high on the Meridian, this Method is not to be relied 
on when great Exactnefs is neceffary; for then every Enaccuracy in Latitude 
Altitude, and Refraction, occafions feverally a greater Error in the Azi- 
muth. Yo mark the Meridian-line on the Ground, place the Center of a 
Theodolite, or Ladiey’s Quadrant, where the Center of the Quadrant was 
when the Sun’s Altitude was taken, and putting the Index to the Degree 
and Minute of the Azimuth, direct (by waving your Hat towards one 
Side, or the other) a Pole to be fet up, making an Anele with the former 
Pole placed in the Azimuth, equal to the Sun’s Azimuth found ;. and thar 


* The Complement arithmetical of a Logarithm is found thus: begin. at the Leftehand of 
the Logarithm, and fubtraét each Figure from 9, and the laft Figure from 10, fetting down the 
feveral Remainders in a Line; and that Number will. be the arithmetical Complement re qh: 
quired. 
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laft-placed Pole will be in the Meridian, feen from the Center of the 
Quadrant. 


N. B. The Sun’s Declination in the Tables muft be corrected by the Va- 
tiation arifing from the Difference of the Time between your Meridian and 
that of the Tables ; and alfo for the Variation of Declination for the Hours 
before, or after Noon, at which the Sun’s Altitude was taken. 


The two laft Problems:are conftructed and explained in every Treatife of 
Navigation ; it is therefore needlefs to be more particular here. 





I ML ON MB MM MI OIF OOOO OU OO PU OT PUP re 



















C $3") 





MARITIM SURVEYING. 


PAS Res Teed i 


Of the Procedure and Operations in furveying Sea-coafts, 
according to their various Circumfances. 


Cuap.1. A Stafimetric Scheme. 2. Procedare in furveying Coatts, 
under ordinary Circumftances. 3. In furveying Coafts unfavour- 
ably circumftanced. 4. Rocks and Shoals; Tides and Sound- 
ings; Defcriptions; copying and reducing Draughts; Inftru- 
ments. 5. Longitude; continuing a Meridian Line. 


Cb Ac Poh 


How to form a ftafimetric Scheme of Points, by which the Dijtances along the 
Coaft may be determined. 


N order to furvey a Bay, Harbour, River, or any Part of the Sea- 
ji coaft, with fufficient Accuracy and Expedition, three principal things 
are requifite. The firft is, to meafure a fundamental Bafe-line: the fecond, 
to form a flafimetric Scheme of Points, by which other Diftances along the 
Coaft may be determined: the third is, to delineate on Paper a Higure 
fimilar to the propofed Coaft. The feveral Methods of finding the Length of 
a Bafe-line having been explained in Part 1. Chap. 3. the next is, how to 
form the ftafimetrie Scheme, which may be done in the following Manner. 


Pl ASABE. “BIG 


1. Having firft taken a general View of the Place to be furveyed from an 
Eminence, in order to find out proper Objects for the Scheme, and to plan 
K in 
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66 MARITIM SURVEYING, Part: 2. 


in your Mind the Procedure of the Survey; pitch on the {mooth Sand X Y 
for a fundamental. Bafe-line, as near the Middle of. the Harbour, or Part ta: 
be furveyed, as can be had conveniently.: on it meafure. the {traight Line: 
X Y with a Pole, or Chain, as directed p. 4; mark its Extremities.on the: 
Ground, and write the Number of. Poles, or. Chains, in a Field-book pre- 
pared for the Purpole. 


2. At.X, with a Theodolite,, take the Aneles,. that: fome of the: moft: 
confpicuous and. fharpeft. Objects (fuch. as Steeples, Towers, remarkable: 
Tops of Hills, &c.) on each Side of the Bay,. make with. the Bafe-line ; as: 
Y XA, YXB, ¥ X-C,. Y XD: and as many other Parts along the Coaft 
as are diftinély feen, and may be judged convenient.. If there are no re- 
markable Objects to. be feen that are {mall enough, caufe Turrets, or Signals, 
of Stone or Turf, to be built. for that. Purpofe,. on. the moft convenient: 
Hills or Eminences. Alfo, at Y, take the Angles X ¥. A, X Y B,. &c.. 
then take the Bearing of X from Y, with. a good magnetic Needle and 
Sights: write thefe Angles diftinétly in the Field-book,, together with the 
Name, or Defcription, of each.Obje&, and. the Part. of. it which~ you. ob- 
ferve, fa that they may be known again when needed, or when you gO to 
them : write down likewife, on which Side of. the Bafe-line each Object lies, 
whether on the right or left,, when you look. towards the fartheft End of. it. 


3. Near the Middle of a Sheet. of large Paper (fo. as. there may. be room 
for laying the Protractor, and drawing out the Angles) draw the magnetic 
Meridian richt up and down. In a'convenient Part of that Line,. mark a 
Point X, to reprefent one Extremity of the Bafe-line; and at X, make am 
Angle with the Meridian equal to the Bearing of Y from it. On that Bear- 
ing fet off the Length of X Y, in Miles and Parts of a Mile, taken from a 
Scale of equal Parts, not lefs than an. Inch toa Mile.. 


4. From X and ¥ on the Paper, protraét carefully, with a large Pro« 
tractor, the feveral Aneles written in the Field-book ;. and alfo calculate 
trigonometrically the moft material Diftances : judge of the Accuracy of the 
Protraction by its Agreement with the Calculation; and if any of them 
differ, protract, or calculate thefe again till the Error is corrected, and the 
Points reprefenting the feveral Objects are marked in their proper. Pofitions 
and Diftances on the Paper, 

5. To 
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5. To verify thefe protracted Diftances, go to any of the Objects, as.D, 
stake the Bearing of X and Y, to find if they agree with the Protra@tion, if 
fo, then take the Angle XD Y, add it to the two other Angles of that Tri. 
angle, and if their rae: is 180 precifely, then is the Pofition of D exatt: 
a alfo take the Bearings, by the Needle, of the other Objects; and if 
their Bearings from you agree with their Bearings from D on the: Paper, 
then your feveral Operations have been rightly performed, and the ftafime- 
tric Scheme is. :exa&. If .the Bearing of any ofthe Objects by the Needle 
differs from that of its reprefentative Point on the Paper, take the Angles 
of that Object again from the two Extremities of the Bafe-line, and protraé 
them anew, till you difcover the Error, and find all agree: then, and no 
fooner, fheuld you proceed jto delineate the Coaft-line on the Paper. 


Note 1. Very high Mountains, whofe Tops are often hid in Clouds, are 
on that account not fo convenient Objects for a fan metric Scheme, as 
Hills of a more moderate Height, which may be feen more frequently. 


C 


{ 


— 


Note 2. As the Ufe of this ftafimetric Scheme is for finding the Diftances 
of other Parts along the Coaft, by one or other of the longimetrical’Problems 
in Part 1. therefore great. Care ought to. be taken to get the Diftances and 
Pofitions of the Points m it exaét: wherefore if any of the Objects lies too 
oblique to the Bafe-line, or is too far from it, to have its Diftance deter- 
mined precifelys let one of the Angles only be taken at the Bafe-line, and 
the other from one of the Obje@s whofe Diftance is afcertained, and makes 
amore direct Interfe¢tion with it. 


Note 3. If.no level Sand can be had within the Bay, or Harbour, for a 
Bafe-line ; then a fmooth Plane near it, on either Side, may bé meafured, 
and the-Diftances of the Objects on each Side of the Bay deduced trigono- 
metrically from thence. oul 


Note 4. If no Plane fit for a Bafe-line is in, or near, the Harbour to be 
furveyed, and if itis but a few Miles in Extent; then the Diftance of Ob- 
jects properly fituated may be meafured: by the Velocity of Sound (as:abave 
direéted) and that Diftance made a Bafe- line, from which the ftafimetric 
Scheme may be deduced. 


K 2 Note 
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Note 5. If the Bay,. or River is above eight Miles in Extent,. and no fuf- 
ficient Plane in, or near it; then take the Latitudes of two remarkable 
Hills, or Objects, at leaft 15 Miles afunder, and not above 45 Degrees 
from the Meridian; from thence find their Diftance in Miles and: Parts of a 
Mile (by Prob. 2. page 12.)'make that the Bafe-line, and from thence cab 
culate and protract the Diftances in the {tafimetric Scheme. 


The Form of a Field-book. 


Meafured in a ftraight Line on the Sand, on the S. Side of the Entry of 
Great-Harbour, from X (at the High-water Mark of White-point) to Y 
(at the Edge of the Grafs on Green-point} 416 Chains, 25, Links ; each 
Chain 60 Feet long, and each Link one Foot; amounting to 4: Miles and 


408 Yards. more. 
At X, (by the Needle) Y¥ bears. — W. 182° N.. 


Angles taken at. X, on the Side XY. Y bearing W. 182°. N.. 


Deg. Min. 
a. (Signal-om Elat-hill - ~ --e<) = = an a ee 
b Steple of New-church, and Point of a Clay- 
Right Side. cliff about a Mile beyond it - - - - - 36 15 
c | Sharp Rock on Black-head, and north End of a 
d Spring-tide Rock near the Middleof the Bay 41 48 
e ,Caftle-ftrong, W. Corner - - -. -. - Qui h5. 
Lettisides: £ J Low rocky Point N. of that Caftle - - - «1 54 
o CE, Gavel of Wood-houfé - - - - - 134 50 


Angles taken at Y, on the Side X Y, X bearing E 182°. S. 


Deg. Mim 
a ¢SignalonFlat-hill - - - - - - - - 54 40 
Left Side. b } Steeple of New-church - - - = - - 57 22 
c ©Sharp Rock on Black-head - - - - = 95 16 
(Hillock near Sandy-point, and Point of a high 
rocky Cliff, fuppofed ehree Miles off - - 38 27 
|W. Gavel of Cot-houfe - - - - - - 134 16 
Right Side. e * Caftle-ftrong, WiCorner:, -.., -i-lhea =) | aia tei 
g E. Gavel of Wood-houfe - - - - - - 48 49 


Ben-more Hill, the weftmoft and moft tapering 
\ Top; alfoa breaking Shoal about aLeagueoff 165 58 


In: 
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In taking the Angles at Y, take the fame Part of each Object which was 
done at X; and before protracting, prefix the fame fmall Letters to the 
Names of the fame Places, or Objects. Thefe Letters ferve to mark the 
feveral Directions of the Angles in protracting, fo that the Interfection of 
the correfponding Sides may be more readily found on the Paper. 


CATIeA «Poe sh. 


Examples of the Procedure in furveying Sea-coafts, under the moft 
common Circumftances. 


ne VL) ok te 1 


How to furvey a Bay, Harbour, or River, and ta delineate the Coaft-line 
on Paper. 


Pelwiet by ribo’ bl Cd. 


has been accuftomed to eftimate, by the Eye, fmall Diftances, fuch as a 

ile, half a Mile, a Quarter, and 200 Yards, fomething near the Truth. 

‘Fhis Dexterity may be acquired, fufficiently exact for the Purpofe it 

is to ferve, by frequently viewing with Attention fuch Diftances when actu- 

ally meafured, and comparing other Diftances with the Ideas of thefe in the hae 

Memory; efpecially when the Nature of the Ground compared, and the | 
Darknefs, or Clearnefs of the Weather, are nearly the fame. 


ie this Operation it will fave much Time and Trouble, if the Surveyor 
M 


Firft, form a ftafimetric Scheme of Points, as above delineated ; and that 
the Points may be more diftinét, and the Paper not incumbered with a 
Number of unneceflary Lines, transfer the magnetic Meridian, and. the fe- 
yeral afcertained Points in the Scheme, to a convenient Part of a large Sheet 
of clean Paper (or of feveral Sheets pafted together) fo as there may be 
Room on it to contain and protraét the reft of the Coaft: then draw a {mall 
Black-lead Circle, or Dots, round each of thefe Points to render them more 
apparent, and write near each the Name of the Object it reprefents. Next, 
divide the Paper all over into fmall Squares, by Black-lead Lines about an 


Inch afunder, drawn parallel, and perpendicular, to. the magnetic: Meridian. : 
3 The {e ly i 
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Thefe Parallels ferve for laying the Protractor North or South, Eaft or Weft 
‘by the Eye readily, in any Point from whence a magnetic Bearing is to be 
drawn. If one Dire&tion only of any other fharp Object has ‘been taken, 
draw it out likewife from the Station at which it was obferved; and 


write its Name along that Line, with a(D:) before it, to fignify that it is 


the Direction of that Objet; or an (1: ) if it is the Limit of any Head, 
or Point. If Fig. 1. is the Harbour, the new ftafimetric Scheme will then 
look as in Plate I. Fig. 2. 


In the next Place; With this Scheme of Points and angular Directions, 
go to any Station on the Shore whofe Place is marked on the Paper, as X, 
and there, with a good magnetic Needle, take the Bearing of a from it; 
draw it on the Scheme from X, the correfponding Point there, and judge 
its Diftance as near as you can; take that Diftance in your Compaffes from 
the fame Scale of equal Parts by which X Y was laid down; mark its Ex- 
tent from X on the Bearing-line, and trace with the Point of your Com- 
paffes on the Paper the Curvature of the Coaft between X and a, as exactly 
as you can: take alfo the Bearing of b from X, and draw it on the Paper. 
Next go to Y; at it take by the Needle the Direction of .b, draw it on. the 


Paper, and it will interfect the other Direction taken at X in’b; trace the 


apparent Curvature between Y and b: take alfo the Bearing of a, and that 
drawn out will interfect its former Direction from X in the true Place of a; 
fketch the Curvature between a and b, and black-lead the whole from Y to 
X, which will finifh that Part of the Coaft-line. Next take the Bearing of 


c from Y, draw it out on the Scheme, and on that Line mark its judged 


Dittance, and with your Compafies trace on the Paper the Curvature of the 
Coait between them. At c interfect that Bearing by the Bearing of C, or D, 
and correct that Part of the Curvature which -is next c, and pencil the 
‘Tracing between c and Y: then take the Bearing of d, draw it on the 
Scheme, mark its judged Diftance on that Bearing, and trace the, Curvature 
between c and d with your Compafies: take alfo the Bearing of ¢, draw 
it on the Paper, and mark it fo as to be found again when you come tog. 
At d take the Bearing of .D, to interfect the former Bearing from_c in ds; 
correct the Curvature between them, and pencil it. ‘Take alfo,the Bearing 
of c, mark its judged Diftance, and trace the Curve between them: ate, 
by the Bearing of D, interfeét its Bearing from d,, correct the Curvature, 
and pencil as before. In the fame Manner, fix by magnetic Interfections 
‘ pe! the 







































NL OO MO MO OL OI OOO OO IO MO OT LAT PUP 
































Chap. 2. MARITIM SURVEYING. aX 
the Points f and g, and trace the Curvature and Windings of the Coat. 
between them, But becaufe the Point h is more in the Way of Ships 
failing up the Bay than any of the former Parts between c and h, its Pofi- 
tion fhould be determined in the exa¢teft Manner. Therefore at h, with 
a Theodelite, or Hadley’s Quadrant, take the Angles Ah B, Bh C, and 

from thence (by Longim. Prob. 3.) find the Point of Station h; which 

will give its true Place independent of the former Stations. Next draw 

the magnetic Bearings of the Points i, k, 1, m, n; interfe& thefe Lines 

by the Bearing ot C taken at each of them, delineate the Curvatures be- 

tween them, and the Coaft-line of the Bay will be fo far finifhed.. In this 

Manner proceed. along the whole Shore of the Harbour, fix? fixing the 

Place you ftand. on by Interfections of the Needle; but at proper Diftances, 

and Parts that are of Confequence to Navigation, let thefe be determined 

by two Angles taken more accurately, and protra&ted by one or other of 

the longimetrical Problems in Part I. 





If all the Stations alone a Coaft are determined by maenetic Interfec- ri 
tions, the natural Defecéts of the Needle will, in Time, produce fenfible 
Errors. If all the Stations are determined by the Angles between three 
Objects (according to a Longim. Prob. in Part 1.) though that in Stri€tnef& 
is the moft exact Way, yet it would be much more tedious, confufe the 
Draught with a Multitude of interfecting Lines and Arches, and anfwer 
no Purpofe in Navigation better, nor in any Refpect render'a Draught more 
ferviceable than if only fome of the moft material Stations, and principal 4 
Projections of the Coaft here and there, were fo determined, and the inter~ iJ 
mediate Parts found by Interfections of the Needle. i 


If, at any Part of the Coaft, two, or three of the neceflary {tafimetric Ob- 
jets cannot be feen, because of interpofing Hills; or are not in a convenient 
Pofition for determining the Station wanted; go to fome Eminence near 
that Station, from whence the Objects may be feen more advantaceoufly, 
find the Point of Station on that Eminence by one of the longimetrical 
Problems in. Part 1. protract it on. the Paper, and by it, with one or two 
of the other Objects, find: the Station wanted om the Coaft. 


If at any Station, the Angle between two Hills, or Objects, is wanted, 
but interpofing Eminences, or other Objects, hinder one of them to be 


at 


feen ; in that Cafe, go ta the Top. of the interpofing Eminence till you 


3 
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Wie: MARITIM SURVEYING. Part 2. 
fee the Hill and Station from it, and exadtly in a Line with them fet up 
two Poles; and the Angle between any of the Poles and the other Object, 
or Hill, taken at the Station, will be the fame with the Angle between 
the two Hills. Thus may the Angle, or Bearing of any Objeéts, be found 
from a Place where they cannot be feen, which will be neceflary or con-. 
venient on many Occafions. 


Mountains, Rocks, and Stones, are frequently endowed with a magneti- 
cal Quality, which difturbs the Polarity of a Needle, and, if not adverted 
to, will create much Trouble. To prevent this, it is neceflary to carry two 
Needles always along with you, and to fet both down at each Station, be- 
yond the Reach of each others Influence s if they both agree in the Bearing 
of the fame remote Object, it may be concluded that they are not difturbed 
by Magnetifm. 


At every Station take Care to infert, and to diftinguifh in the Draught, 
the Appearances and Nature of the neighbouring Parts of the Coaft, fuch 
as rocky Cliffs, graffy Cliffs, fandy Shores, rocky Shores, &c. and remark- 
able Hills, Houfes, Trees, &c. but efpecialy fuch as may ferve for Land- 
matks to direét Ships through Channels, or to avoid Rocks and Shoals. 
The Hills and Houfes ought to be reprefented in fuch Profpects as will 
enable Sailors to know them when they are feen from the Sea, without re- 
garding much the Diverfity of Perfpective which this wall occafion in the 
fame Draught; for Uniformity ought always to give Place to Utility. 


If the Survey is to be carried on without the Harbour, along the Coatt 
on each Side, it may be continued on the Foundation laid before, and by 
the fame Procedure, to as great a Diftance as the ftafimetric Objects can be 
eafily feen, and while the Angles they fubtend are not too acute to be relied 
on, or protracted with Certainty. Before this happens, it will be neceffary 
to pitch on other ftafimetric Objects as you go along the Coaft, to determine 
their Diftances carefully by one of the longimetric Problems, and make thefe 
fupply the Places of fuch of the former as are too remote; and by thefe laft, 
others ftill farther along may be ‘determined, ‘to ferve the fame Purpofe to a 
greater Extent. But let it be adverted here, that if too long a Series of Tri- 
angles is continued from one Bafe-line, the unavoidable Imperfection of In- 
ftruments, 
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ftruments, Obfervations, and Protraction, will, in Time, produce very fen- 
fable Errors therefore it 1s advifeable to break off the Series ‘at proper Dif: 
tances, and to lay a new Foundation by meafuring another Bafe-line, and 


proceeding by it as at firft. When this is done, remember that two Objetts, 
or Points, in the firlt Draught, at a proper Diftance and Pofition, be like 


wife included in the fecond; that by thete Points the two Draughts may be 


‘eafily joined together, and make one Map when it is needful. 


When the Coaft of a Bay, Harbour, or River is furveyed, or any confi- 
derable Part of it, then find the Diftance and Extent of all the Rocks. 
Sand-banks and Shoals that lie near it; obferve L-eading-marks to them; 


and Land-marks for avoiding’ them; found the Depth of the Water to, 
s 


round, ard from each; and alfo along the Shore, as near to it as Vefi 
can, or cught to fail. Alfo found particularly the feveral Places of An- 


chorage, and take Land-marks, or Bearings for finding them, and infert an 


Anchor in the proper Part of the Draught, for pointing them out more 
readily. Infert alfo the Time of High-water on the Days of new and full 
Moon, the ordinary Rife of {pring and neap Tides, the Direction of the 
Stream of Flood, and what Irreeularities may be obferved in thefe, both 


within and without the Harbour. 


EXAM PL ET, 
How to furvey an Tfland. 


Case 1. Jf the Iland bas feveral confpicuous Hills init: firt meafure a 
Bafe-line on a Plane, or by two Latitudes. 2. On that Bafe-line form a 
ftafimetric Scheme of Points, as was explained in Part II. Chap. 4. § 3. 
Survey and delineate the Coaft of the, IMand as direted for a Harbour in 


the laft Example. 
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Casz 2. Jf the [land is but a few Miles long, and has but one remarkable 
Hill, or Objeét in it; as A, which may be feen from all, or moft Parts of 
the Coaft: by one of the longimetrical Problems in Part I. find the Dif- 
L tance 
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tance of any of the Points, or Heads, in the Ifland (fuppofe B) from A. 
At B, take the magnetic Bearing of A, in Degrees and Parts of a Degree ; 
Jay down that Diftance on Paper according to the Bearing obferved; and 
draw black-lead Lines all over the Paper, parallel and perpendicular 
to the magnetic Meridian, about an Inch from one another. At B, witha 
Theodolite, or Hadley’s Quadrant, take the Angles ABC and ABF; 
write them dewn firft in your Field-book, and then draw them out fram 
the Point B: alfo take the Bearing of a and b by the Needle ; judge of 
their Diftances from B; draw them, and fketch the Curve of the Coaft be- 
tween you and them. Then go to C; there take the Angles ACB, ACD; 
write them down; add ABC and ACB together, fubtraét their Sum from 
180°, and the Remainder will be the Angele BAC, draw that Angle from 
the Point A, and it will interfect the Side BC in the Point of Station C. 
At C, take the Bearing of a, and that will interfeét its former Bearing from 
B in the corrected Place of a: then fketch the Curvature between € and 5, 
and pencil it. Next draw the Angle ACD, at D, take the Anoles ADC, 
ADE; the former added to ACD and fubtrafted from 180° will leave the 
Angle CAD; draw that Angle, and it will interfect the Side C D in the 
Station D: fketch and pencil the Curve between C and D. Then draw the 
Angele ADE, and the Bearing D c; fix the Point E by the Angle at E, 
and finifh the Bay between D and E as before. Go on in this Way from 
Point to Point round the Ifland, till the whole is fanifhed, remembering to 
infert remarkable Cliffs, Houfes, or other Objects at each Station. 


If at any Point, as G, or H, A cannot be feen; take the Direction of A 
from that Point, by fetting two Poles exactly in a Line between them, as 
mentioned in Page 72, and take the Angle between one of the Poles and the 
other vifible Object. By fuch a Procedure as this, the Circumference of any 
Ifland will be found to meet on Paper, without arbitrary Alterations. 


When an Ifland is fmall, and great Exactnefs unneceflary; if the firft Dit 
tance, or Bafe-line, 1s true, and long enough, all the other Diftances may, 
be got fufficiently exact by Interfections of a good Needle, without any 
other Inftrument to take the Angles. 


When 
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Nhen one. Side, or Part, of the [Mand is delineated on t aper, then 


and Ledges along it; found the Depth of the Water towards and round 
each of them, and take Leadiag-marks on them, and Land-marks for avoid- 
ing them: found alfo along each Part of the Coaft after itis delineated, as 
near the Shore as Veflels can, or ought to fail; and when the whole Coait i: 


finifhed, found round it a Mile, or more, from the Land. 
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Case 1. If the Coaft extends northward, or fouthward,: take, carefully, 
the Latitudes of two remarkable Hills, er Promontories alone the Coaft, a 


3 
£ 1 
A 


near the true Meridian as they can be found, and as far from each other as 


can be feen diftin‘tly: fuppofe 20, 30, or 40 Miles,, From their Difference 
of Latitude, Bearings and Variation of the Necdle, find their Diftance in 
Miles and Parts of a Mile (by longim. Prob. 2. p. 12.) make the Chord of 
that Arc, or Diftance, the Bafe-line, and by it form a ftafimetric Scheme of 
Points; one, or two of them, reprefenting remarkable and fharp Objects. 
If one, or more, of the Objects he off the Coaft at Sea, it will be a Conve- 

iency ; for there will be fewer Objects to intercept the Sight of thefe. 
When the ftafimetric Scheme is verified, and transferred to fome Sheets of 
clean Paper, and a Number of magnetic Meridians, and eaft-and-weft Lines, 
drawn over it, then begin to furvey and delineate the Coait, as directed in 


Example Il. 


It will fometimes happen that no one proper Object is to be feen from 
both Ends of fo long a Bafe-line, with which to form a ftafimetric Scheme 
but if any remarkable intermediate Object, properly fituated, is {een at one 
End of the Bafe-line, and the other End feen at hat Object, its Diftance 
may be found with equal, or rather more Accuracy, by taking one Angle 
of the Triangle, formed by the Bafe-line and’ Object, at that End of the 
Bafe-line where it is feen, and the other Angle at the Object; thence the 
third Angle is found; and the Diftance of the Object. Thefe three deter- 
mined Diftances will be fufficient for finding all other Diftances between 
L 2 the 
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the two ae a of the Bafe-line; and alfo for determining other ftafi- 
metric- Objects neceffary for continuing the Survey far bevoud thefe Ex. 


tremiics. 








Let it be obferved, that if the Quadrant with which the Latitudes of the 
two Places were igi and the Obfervations, are good, a Bafe-line of 204, 
or 40 Mi iS meafured in that Manner, is more to be relied on than fuch a 
Di fhe ance determined ie a Bafe-line of three or four Miles meafured on a 
Plane: becau vate itis rare to find Planes fo long without fome fenfible Irre- 
gularities in them; and more rare to meet with two fo remote Objects 


2 


fharp enough for taking the Angles at each End of fuch a Bafe-line with 
Precifion. Thefe two Sources.of Inaccuracy may occafion a ereater Error 
in a Diftance of 20, or 30 Miles, than can be fuppofed when. the Latitudes. 
are carefully taken with a good Quadrant. 


When the Survey has been continued by a Train of ftafimetric Triangles. 
a confiderable Length beyond the Bafe-line, it will then be proper to difcon- 
tinue the Procedure on that Foundation, and to meafure a new Bafe-line 
either on a level Plane, or by two Latitudes, as before; taking Care to have 
two determined Points common to both Drauchts, “oe connecting them 
into one, 


If the Inftrument. with which the Angles are taken, does not give them 
minutely enough; or if the Objects that form the ftafimetric Triangles are 
not fharp enough, Errors may be expected, and will undoubtedly become 
M fenfible in a long-continued Series of Triangles.. How far they haye aétually 

taken Place in the Draught may be difcovered by comparing the obferved 
Bearings of diftant Hills or Head-lands, whofe Pofitions have been. deter- 
mined by former Obfervations, with their Bearings in the Draught :. or, by 
x comparing fuch moderate Diftances as one can judge of by the Eye, with 
ed their protracted Diftances on the Paper. 


I When a confiderable Length of the Coaft has been furveyed, the Sound= 
va ings marked near it, and all the Rocks, Shoals, Banks, remarkable Hills, 
ae Buildings, Groves of Trees, and other Diftin¢tions of the Coaft inferted and 
exprefied in the Draught; then fail along it, fix, eight or ten Leagues from 
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the Land, according as it can be feen diftinétly , earn the Depth of the 
Water, obferve the Setting of Tides and Currents, and {ketch Views of the 
Coaft as you fail, inferting in them the Names of the moft material Hills, 
Heads, Entries of Rivers, Harbours, &c. fo that Seamen may know, by 
the Eye, where the principal Places on the Coaft lie, and how to fteer for 


them. 


Cast 2. Jf the Coaft to be furveyed extends eaftward, or weftward, chufe 
a remarkable Hill, or Head, near the Coaft, and another Hill, or remarkable 
Object up the Country, northward or fouhward; find their Diftance by 
meafuring a Plane, or by the Latitudes, and make that Diftance the Bafe- 
line; from thence form a ftafimetric Scheme of Points; and with it pro- 
ceed to furvey and delineate the Coaft as before directed. 


If any Part of a Coaft that extends eaftward or weftward is fo circum- 
ftanced, as neither to have in it a level Plane fit to be meafured, nor any 
Hill or remarkable Object up the Country, or lying off the Coaft, far 
enough diftant to become a Bafe-line by taking their Latitudes : in that Cafe, 
build a Wall or Turret, of Earth or Stone, on the moft confpicuous Part 
of the Shore; and another Turret three or four Miles from it up the Coun- 
try, and fo large as to be feen five or fix Miles off, or farther: meafure the 
Diftance of the two Turrets by the Velocity of Sound, and make that a. 
Bafe-line from whence to determine trigonometrically the Diftance of the 
other Stations and Signals fet up alone the Coaft for that Purpofe: from 
thefe laft, find other Diftances: then, if you meet with no Plane fit to be 
meafured, nor any remarkable Hill or Object, at a fufficient Diftance and 
Pofition for determining a new Bafe-line by the Latitudes; meafure a new 
Bafe-line by Sound, and proceed as before. Such a Cafe as this is very rare; 
but when it happens, a good portable Telefcope, or Spy-glats, will be found, 
convenient, and fhould be provided accordingly. 


That the maritim Survey of a Kingdom, or large Tract of Continent, may 
be carried on with Expedition and Accuracy together, it is neceffary one 
Superintendant, or Head-furveyor, expert in Theory and Practice, fhould 
have two Affiftants under him, who are capable of executing his Orders, 
Their Duty is, to conform to his Directions diligently and faithfully, as far 
as can be done; to omit no Part of the Coaft, nor neglect any Rocks, 
Shoals, 
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Shoals, Channels, Tides, or neceffary Sor undings ; to be at Pains to get Ins 
formation concerning them from the Fanner or Pilots, wherever they 
come, but to infert Rathi g in their Draughts but what has been actually 
examined by tnemielves ; to keep a daily Jounal of their Operations, Ob- 
fervations, and likewife of what Informations they may receive from others 
that have not been examined by themfelves. 

Vhe Head-furveyor’s Duty is, to plan and direct the Procedure of the 
whole Survey; to order the Veffel, Boats and Men on the Service when and 
where he fees ic neceflar ry; to chufe proper Planes and Diftances for mea- 
{urine re mental Bafe-lines; to fee the Menfuration, or celeftial Obferva- 
tions himfel ; to pitch on proper Objeéts for the ftafimetric Scheme; and 
fee the Angles taken that determine their Diftances ; to infpect the eat. 
tions and Protraction ; to verify the Scheme when protracted; to cauie a 
clean Copy of it to be made out for himfelf, and oné for each of the Ait. 
tants; to fend one of them to furvey on one Side, oF towards one End of 
the Baie-line; another on the other Side or End of it, and himfelf to remain 
with the Veffel that attends the Survey, and to Ages: in that Neighbour- 
hood; to examine their feveral Performances when t} ney return to cyt Veffel , 
to compare the moft material Diftances in their Draughts with the Ohianra. 
tions i which they were determined ; to point out Miftakes, or Defects, 
and cause them to be correéted ; to Wer the feveral Obfervations, Meafure- 
ments, Defcriptions, and Saili ing-directions regularly in a Book ; to join the 
feveral Parts of the Coaft, as they are compleated, into one Draught; and 
wien that is of a fufficient Extent, to caufe a clean, difting& oe to be 
made of it aboard: then to {ail in the Veffel to the next {tationary Harbour; 
to caufe Soundings, and ufeful Views of the Coait to be taken by the ae 
and fuch remar kable Objects on Land to be inferted in the Draught, as may 
have been omitted | by the Affiftants. 


thids 


There will be no ereat Advantage in 
having more than two Affiftants under one Superinténdant; for this would 
often occafion either Delays in waiting for one or other of them before the 
Scene of 


Peel 

at 

Operation could be fhifted ; or elfe a fuperficial Infpeétion of their 
Performances. 


Toward the End of Harveft, when the D Jays are turning fhort, and bad 
Weather may be expected more frequently, a Survey will be fooner dif 
patched, if the Examination of Shoals and Sand- banks, that lie at a Diftance 


from 
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from the Land, is poftponed till the End of the following Spring ; and the 
Survey of the Coaft only, and the Soundings near it, or of Rivers and nar- 
row Arms of the Sea, are taken in the Winter and Spring Seafons. 


Though in general it is better that a confiderable Part of a Coaft be fur- 
veyed before the Soundings are taken near it, yet often both may be dif 
patched together with fufficient Exactnefs by making an Eye-fketch of the 
{mall Bays and Windings of the Coaft as you go from Point to Point in a 
Boat to determine their Diftances, taking the Soundings by the Way, and 
inferting them in the correfponding Parts of the Sketch as near as you can 
judge ; and at the fame Time marking down the Direction of the Boat, or 
on what Object her Head is kept, in failing or rowing from Place to Place, 
and the Bearing of one or two Objects when the principal Soundings were 
taken: when that Part of the Coaft is furveyed, thefe Soundings may then 
be transferred to the Draught by the Bearings, and by the Direction in 
which the Boat was fteered. If any Shoals are met with, take Marks on 
them, or two contiguous Angles by Hadiley’s Quadrant, and examine them 
more particularly afterward, when the Survey of the adjacent Part of the 


Coaft is finifhed. 
i eer MPa TV. 
How to proceed in furveying a large Clufter of Ifands. 
Pelee ees INTs & Ee Li 


Pitch on two remarkable tapering Hills, Rocks or other Objects, at a 
competent Diftance, as A and B, as near North, or South, of each other 
as you Can ; and if a Line connecting them runs about the Middle of the 
Clufter it is the better. Find the Diftance of A and B, either by meafuring 
a ftraight Line on a Plane, or by their Latitudes, and make that the Bate- 
line: fele€ét amongft the other Iflands one, or more, remarkable Objects on 
each Side of the Bafe-line; as C and D, of thefe form and verify a ftafi- 
metric Scheme, as before direéted. With this Scheme go to one of the 
Iflands, and by longim. Prob..4, or 7, find the Diftance of two proper Parts, 
or Points in it; make that a Bafe-line for furveying it, as explained in Ex- 
ample 2. Do the fame for each Ifland, founding the Channels between them, 
and obferving the Setting and Strength of the feveral Streams of Tide as 
3 you. 
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you pafs and re-pafs, taking Notes of all and inferting them in the Draught 
at the Time they are obferved. When all the Iflands are furveyed and 
Channels founded, and-every neceffary Particular is inferted in the Draught, 
then fail round the whole, between four and ten Leagues from the Land, 
and found the Depth at that Diftance, and draw Views of the Land as you 


fail. 


If the Ifands extend northward and fouthward in a narrow Chain, (as in 
Fie. 3.) and are fo fmall, or fo uneven, that no fufficient Bafe-line, for the 
whole, can be meafured on either of them; then find by their Latitudes the 
Diftance of two of the moft confpicuous Hills, or Rocks, that are fituated 
along one Side of the Clufter, and at a fufficient Diftance from each other, 
as A and B.. At A and B with Hadley’s Sextant, or a Theodolite, take the 
Angles BAC, BAD, ABC, ABD, and from thence and the Side A B, 
find the Places of C and D any two remarkable Objects on the other Side of 
the Clufter of IfMands, which may make the Angle B AC and AB D as near 
to right Angles as may be conveniently had. From any three of thefe Points 
the Pofition of a Place on any of the Iflands may be found; or by Interfec- 
tions of the Needle from ¢wo advantageoufly fituated; and each Ifland deli- 
neated feparately, as before directed. 


Cli Agree 


Examples of the Procedure in furveying Sea-coafts under unfavour- 
able Circumftances. 


EXAMPLE IL , 
How to furvey fmall Iflands that extend Eaft or Weft in a long narrow Train. 


Poli Le iing, bl Go 


F the Iflands are fmall, and extend eaftward or weftward in a long narrow 
Train, as Fig. 4. then no fufficient Bafe-line will be found either by 
meafuring a Plane, or by the Latitudes of any two Iflands: in that Cafe, if 
the whole Extent of the Iflands is not above 12 or 15 Miles, a Bafe-line 
: may 
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may be meafured by the Velocity of Sound, a ftafimetric Scheme protracted 
from thence for determining the Diftances of the feveral Iflands from one 
another, and each furveyed feparately, as before dire@ted. But if the Iflands 
extend above 15 Miles in Length, fuch a Procedure will not be found fuffi- 
ciently exaét, becaufe a Diftance cannot be meafured by Sound with Preci- 
fion: then the following Method is more to be relied on. 


Pitch on the moft remarkable Head, Hill, or Object that is to be found 
near the Middle of the Range of Iflands, as X: find its Latitude, and the 
Variation of the Needle there. Then five or fix Leagues northward, or 
fouthward of X, anchor a Veffel, as at V: on a prefixed Day, let the La- 
titude of the Veffel be taken aboard with Hadley’s Quadrant, as exactly as 
poffible : and at the fame Time, while the Veflel remains fteady in the fame 
Place, let the Angles X VC, X VD, be alfo taken with Hadley’s Sextant,, 
and as many more Angles between them as there are remarkable Objects to 
be feen. About Mid-day, while the Sun’s Altitude is taking on board, let 
one Affiftant at X find the magnetic Bearing of the Veflel from thence 5. and. 
alfo fet up a Pole half a Mile, or a Quarter of a Mile from it, exactly in 
the Direction of the Veffel ; and let the Place of the Pole be marked on the 
Ground, for future Ufe. Let two other Affiftants be {tationed one at A, 
and the other at B, four or five Miles on each Side of X, and there mark 
the Direction of the Veffel from them at Mid-day, by Poles in the Ground 
as was done at X, fo that the Angles VX A, VX B and XBV, X AV, 
may be taken afterwards at Leifure, though the Vefiel is removed. Find the 
-Dittance of X V (by longim. Prob. 2.) make that the Bafe-line ; on it pro- 
tract the fevecal Angles obferyed on Shore, and aboard, and form a ftafime- 
tric Scheme of Points; in which the Stations X, V, A, B, will be deter- 
mined; and alfo one Dire@tion of C and D, and of the other Objects ob- 
ferved at V. From the Angles which two, or three of thefe Objects. fubtend, 
the Diftances of the other Ifands, or of any Station in them, may be found, 
and each Iffand furveyed {eparately, 








If the whole Extent of the Iflands cannot be included in the Angles taken 
at V, the fame Operations muft be begun again where the former ended, and 
the reft of the FMlands furveyed in the fame Manner. 
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How to proceed in furveying a Coaft covered with Wood, or Bufbes, fo that in-land 
Objeéis cannot be feen from the Shore. 


Pio ACPO il. stats oome Ve 


Casz 1. If it is a River, Bay, or Habour; find ftafimetric Objects on the 
Side oppofite to that which you are to delineate, and by thefe determine your 
itationary Diftances by two Angles, or by Interfections of the magnetic 
Needle. 


Case 2. If it is an open Coaft, that has no Land oppofite to it near enough. 
1. Meafure a Bafe-line- on a Plane, or by two Latitudes, and from thence 
find the Diftances of three remarkable in-land Hills, or Objects, as Y, R, W, 
that may be feen from a Boat at Sea, over the Trees; and protract a ftafi- 
metric Scheme on Paper including thefe three Objects. If three remarkable 
Objeéts cannot be had; two conveniently fituated for magnetic Interfections 
along the Coaft will ferve. 


2. Prepare eight Poles, each with a flag flying at its Top for Signals ; 
two of the Flags white, two red, two yellow, or ftriped, and two black: 
the white to reprefent one of the ftafimetric Objects, the red another, the 
yellow or ftriped a third, as fhall be agreed on between the Surveyor and 
his Affiftant; the black any new flafimetric Object, whofe Place may be 
found neceffary to be determined as the Survey goes on. Let thefe Colours be 
written on the ftafimetric Scheme, each at the Point, or Object, fignified by 
it; and a Copy of the Scheme given to the Affiftant to direct him, and pre- 
vent Miftakes ; together with four of the Signals, each of a different Colour: 
the other four are to be carried along with the Surveyor. 


3. At the firft Point, or Station on Shore, whofe Diftance is to be de- 
termined, as A, let the Surveyor fet up a Signal of a Colour indicating, what. 
ftafimetric Objeét is to be firft obferved, as Y, or yellow. Then the Af- 
fiftant muft go off in a Boat to X, as far from the Shore as: to fee the, ftafi- 
metric Objects over the Trees, and take that Signal in: a Line with the Ob-, 
ject it denotes, keeping the Boat fteady at Anchor in that Place, and putting 
MP 
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up a Signal of the fame Colour with the Surveyor’s, to fignify that the Boat 
is then in the right Place. Let the Surveyor then take exaétly the magnetic 
Direction of the Signal X in the Boat ; which will alfo be the Direction of 
his Station B from the indicated ftafimetric Obje&t Y. Let it be drawn out 
on the Paper from its proper Point Y, and a Signal of another Colour R, 
fet up in the Place of the former, to fignify to the Affiftant to move the Boat 
till he takes that Signal in a Line with the Object R it reprefents ; and 
there let the Affiftant, when ready, put up the like Signal at Z, and keep 
the Boat at reft till the Surveyor has taken its magnetic Direction, and drawn 
it on the Paper ; which will interfeét the former Direction in the Point of 
Station A, on the Shore. 


4. Let the Surveyor then take the magnetic Direction of the next Point 
of Land B, along the Shore; draw it on the Paper; eftimate its Diftance 
by the Eye; mark that Diftance on the Line of Direétion; fketch with the 
Point of his Compaffes the Figure of the Curvature of the Coaft.between 
the two Points A ahd B; take down his Signal and wave it, for a Sign to 
the Boat to move towards the next Point B, on the Coaft. 


5. When the Surveyor comes to that Point, let him put up a Signal W, 
or White, intimating what ftafimetric Objeét’ the AfMfiftant is to take in,a Line 
with it; which when he has done, let the Affiftant fet up the like Signal ir 
the Boat, and keep it {teady at Anchor till its Bearing is taken on the Shore ; 
which will interfeét the Line of Direétion taken at A the firft.Station, in 
the corrected Diftance of B the fecond Station: let the Curve of the Coaft 
between them be alfo corre@ted, and drawn with Blackslead, and the Coatt- 
line between thefe’two Points. of Land will be finifhed. 


Let the Diftance of the next Point C be determined, and the Coaft-line 
fketched, in the fame: Manner ;“ and go on thus.-till the ftafimetric Objects 
can be feen by the Surveyor on Shore, when there will be no Occafion for 
the Boat. 


If any, of the. ftafimetric Objects fhall happen to be hid from the Af 
fiftant’s Sight by interpofing Hills ; he muft then firft fet up the Surveyor’s 
Signal, and above it det up that Colour which points out fome other ftafime- 
tric Object that is feen : which when the Surveyor obferves, he muft fet up 

: yi another 
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another Signal of the fame Colour above his former one, and then take the 
Direction of the Signals in the Boat; which will be the Direction of his Sta- 
tion from the Object reprefented by the uppermoft Colour. 


When any of the ftafimetric Objects begins to difappear, or to be too re- 
mote, or oblique, for Accuracy; then, when the Surveyor is at a proper 
Station, the Affiftant muft fet up the black Signal; to fignify that the Place 
of a new ftafimetric Object is to be determined. ‘The Bearing of the black 
Signal taken when the Boat is at Reft, and drawn out from the Surveyor’s 
Point of Station, in the oppofite Direction, will be one Direction of the 
new ftafimetric Object. When the Surveyor comes to another Station pro- 
per for another Interfection, the black Signal muft be fet up again by the 
Affiftant : and when the Boat is at Reft, the Surveyor is to take its magnetic 
Direction, which will interfeé& the former in the Place of the new ftafimettic 
Object; which muft continue to be pointed out thereafter by the black 
Signal; till, by Agreement, it fhall be changed for another Colour, that 
the black Colour may be again referved for another new Objeét, in cafe it 
Shall be neceffary. 


As the Affiftant goes along the Shore in the Boat, he may at the fame 
Time found the Depths of the Water, and mark them on an Eye-fketch of 
the Coaft; or infert them by their Bearings from the Stations, and other re- 
markable Parts of the Coatt, 


For this Manner of Surveying, it is neceffary that the Affiftant fhould 
be tolerably acquainted with the Bufinefs, that he may be capable of making 
a proper Choice of Objects, and Stations for determining their Diftances. 


This Method of furveying a Coaft is fometimes neceffary; and though 
not fo exa& as when the Angles can be taken with a Theodolite, or Hadley’s 
Quadrant ; yet when the ftafimetric Objects are advantageoufly fituated, 
and the Coaft fo furveyed is not very extenfive, it will be found fufficiently 
exact for the Purpofes of Navigation. If any particular Part of fuch a 
Coaft requires great Exaétnefs, then three Affiftants, and three Boats, muft 
be employed at the fame Time; each muft have the fame Sort of Signals, 


_ and they muft take the Surveyot’s Signal bearing on three different ftafimetric 


Objects 
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A Coaft extending N Nor thyard & Southwacrd to illufirate Examplelll Page 85. 








Xand Yare two tapering Hills (mentioned n_Aricte 2 ) whose Bearimg 
muy be take at M. and ther Distance found by ther Latitudes and 
Variatiow of the Compafs . 





llis he remarkable Promontory at whicly the Delineanon begins /men- 
toned Arucde 5) 2 and 3, the second and third’ Lomis of the Coast 
(mentioned Art.6 and 7 ) 

A,B,C .a@e the three Statons of the Boat near these Ponts . 

Lhe dotted Lines are Compafs - bearings takew at the several Stations , 
by whose uuersectons the Places of the Boat and Distances of the Ponts of 
Land are determined 
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Objects at once; by which Means he may take the Angles between them 
by a Theodolite, or by Hadley’s Quadrant, which will be the fame with the 
Angles between the three ftafimetric Objects ; and from thence may find the 
Place of Station precifely, by longim. Prob. 4. 


If there is any Stream of Tide, or Breeze of Wind, where the Boat lies, 
it will not be kept fteady by oné Anchor only, but muft be made to ride by 
two, in order to continue in the fame Place while the Surveyor makes his 
Obfervations on Shore. 


EX feo ke ic ETE: 
How to furvey a Coaft, without going afbore on it. 


There are fome Coafts where it is impracticable to land for a continued 
Swell and Surf on the Shore ; and others, where the Barbarity of the Inha- 
bitants renders it unfafe; the Survey of fuch Places muft be made .altoge- 
ther at Sea; and may be done in the following Manner. 


Case 1. If the Coaft extends northward and fouthward. 
1. Find the Variation of the Compafs. 


2. Chufe two remarkable tapering Hills, or other fharp Objeéts, 20 of 
30 Miles afunder, and as near the fame Meridian as they can be had; but fo 
fituated, that by failing along the Coaft or into a Bay, or River, one of 
them may be taken in a Line with the other, fo that their mutual Bearing 
may be exactly taken with a good amplitude Compafs. 


3. The Variation being found, bring.a Ship to an Anchor right Eaft, or 
Weft, from each Hill or Object, on different Days, and there obferve their 
Latitudes with Had/ey’s Quadrant; which will be the Latitudes of the two 
Hills refpettively. 


4. From thefe Latitudes and their Bearing, find the Diftance of the two 
Hills, by longim. Prob. 2. and protract a ftafimetric Scheme, in which thefe 
two Points will be given, 

I 5. In 
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5. In a rowing Boat of 8 or ro Oars, and in moderate Weather, go as 
near ‘to fome remarkable projecting Point, or Promontory, as you can with 
Safety ; there anchor your Boat, and with ean amplitude Compafs, con- 
ftruéted and balanced fo as to be as little affected by the Motion of the Boat 
as poffible, take the Bearing of the two ftafimetric Objects ; draw thefe out 
from their correfponding Points on the Scheme, in the oppofite Direction, 
and their Interfection will be the Place of the Boat, Take the Bearing of 
fome remarkable Part of the Point, or Promentory next you; judge ‘its 
Diftance as near as you can; draw that Bearing on the Paper from the Point 
found for the Boat’s Place; and on it, mark the eftimated Diftance of the 
obferved Part of the Point or Promontory ; which will be one Point in the 
Coaft to be furveyed, and fufficiently exact for the Purpofes of Navigation ; 
the Error being only what may arife from eftimating a Diftance that is not 
above a quarter or half a Mile off, 


6. In the Boat, take the Bearing of the next Point along the Coaft, from 
the Point or Promontory determined ; draw it on the Paper; mark its efti- 
mated Diftance on that Line; and with the Point of your Compaffes trace 
on the Paper the Figure of the Coaft between thefe two Points of Land. 


7. Go to the Point laft obferved, as near as-you can; take its Bearing 
from one of the ftafimetric Objects, which will interfeét the Line of Direc- 
tion from the firft-Place of Anchorage in the corrected Diftance of the {e- 
cond Point along the Coaft; correct alfo the Figure of the Coaft, and pen- 
cil it; and laftly, infert remarkable Objects on the Land,. and Diverfities of 
the Coaft between the Points, together with the Rocks obferved, and Sound- 
ings taken by the Way. ‘Take the Bearing of the third Point, mark its efti- 
mated Diftance, fketch the Curve of the Coaft, and correct both when you 
are at that Point as before ; and go on in this Manner, from Point to Point, 
till the whole is finifhed. 


seh this Method of Surveying is lefs perfect than any of the other 
Methods, yet if the Card of the Compafs can be made to ftand at Reft in 
the Boat, either by Art, or the Smoothnefs of the Sea, a Draught of a 
Coaft may be made in this Manner, or of Bays or Harbours in it, which 
I will 
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will give a diftiné& Notion of them, and prove a pretty good Direétion to 
Shipping, either along the Coaft, or into thefe Bays or Harbours. 


Case 2. If the Coaft extends eaftward and weftward, then two ftafime- 
tric Objects mutt be chofen, which lie about N E or S W from each other, 
and alfo their Bearing and Latitudes found, in order to find their Diftance, 
and form a ftafimetric Scheme for carrying on the Survey in the fame Man- 
ner as before. 


4 . ” eo ¢ 
i ne 


EXAMPLE Jv. 


From a Vefel at Anchor in the Moush of a Harbour, how to fetch the Harbour- 
fpeedily, as far as can be fen. 


Suppofe Fig. 6. in Plate iii. is the Harbour, and the Veffel at V: take 
the Bearing of any remarkable Part D, right up the Harbour ; guefs as 
near as you can to its Diftance; draw out the Bearing-on Paper, and by a 
convenient Scale mark on it that judged Diftance. In the fame Manner, 
mark a Point for the Bearing and judged Diftance of C : then draw between 
C and D on the Paper, the Curvature, or Windings of the Coaft, as they 
appear to the Eye. Next take the Bearings and judged Diftance of the 
Point B, and draw the Irregularities of the Coaft from B to C, and to F. 
Do the other Side of the Harbour from A to D and to G in the fame Man- 
ner, and the Figure on the Paper will have an apparent Refemblance to the 
Harbour, exhibit its Dimenfions fomething near the Truth, and thew the 
true Courfe into it, if there are no unperceived Rocks or Shoals in thé Way. 
Next, infert in the Draught the moft remarkable Appearances of the Coatt, 
the Houfes, Hills, Trees, Forts, &c. and fuch Rocks or Shoals as can be 
feen while you remain there. In failing to or from the Harbour, the Lay 
of the Coaft, on one, or both Sides of the Entry; and within the Harbour 
from B toC, and from A to E, may be corrected by the Bearings, 





This Method of fketching a Bay, or Harbour, though far from being exact, 
will give fuch an Idea of it as may be of Service on fome Occafions ; and vr 
therefore fhould not be negleéted when there is no Opportunity of doing it 


more exaétly. 
EX A M.- 








EXAMPLE ¥. 


How to make a ferviceable Draught of a Harbour by a Compafs, or magnetic 
Needle, only. 


PLAT Ei Ts BG. I. 


Go to fome Eminence where the whole, or a great Part, of the Harbour 
may be feen, and felect two confpicuous fharp Objects, as tapering Hills, 
Steeples, Chimney-heads, &c. as A andC, at a competent Diftance from 
each other, and conveniently fituated for a bafe Line; (if no fuch fharp 
Objects are to be found, put up Signals on the Hills, or Eminences ;) take 
their Bearing in Degrees, and Parts of a Degree by the Needle, or Compafs, 
which fhould be provided with Sights, and graduated for that Purpofe; 
and eftimate by the Eye the Diftance of C from A, as near as you can 
judge. At A and C take the Bearing of B, and of any other remarkable 
Object D, -on the other Side of the Harbour; and from thefe Data protraé& 
a ftafimetric Scheme on Paper, wherein the Points A, B, C, D, will have the 
fame magnetic Directions and proportional Diftances as the Object they re- 
prefent. 


With this Scheme go to any adjacent Point of Land in the Harbour, as 
X; there fet down your Compafs, or Needle; take the magnetic Directions 
of two of the ftafimetric Objects that are moft advantageoufly fituated ; 
draw them out from their refpective Points on the Scheme, and their Inter- 
fe@tion will be the Point of Station X. At X take the Bearing of the next 
Point Y; guefs its Diftance from you; take that Diftance from the Scale ; 
mark it on the Bearing-line, and trace on the Paper with the Point of your 
Compafies the Curve of the Coaft between X and Y; take alfo the Bearing 
of a and b, and of fuch Rocks and Shoals as may be feen along the Coaft, 
and draw themon the Paper. Then goto Y; there take the Bearing of A, 
or of any other of the ftafimetric Objects that may make a more direct Inter- 
feétion ; draw out its Direction, and its Interfe€tion with K Y wilk be the 
corrected Place of Y. By the Bearing of b and of a, correct likewife their 
Pofitions ; then the Curve of the Coaft between X and Y may be traced 
with Black-lead more exattly, and remarkable Houfes, Trees, &c. inferted, 

and 
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A Coaft to illuftrate ExampleVI Page SQ, 
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From &. to Bis the Eatent of Sketch 1° X, anv nland Hill determmned by 
ws Bearing at NV, and NX, or more advantageously aty. 

Nels the trst Stator, or Anchorage, of the Ship, 1s Distance trom ts 
by Estimation . 

N°eM, the second Staton, or Anchorage; ts Distance trom Ps E:stmated, or 
deternuned by two Bearings of Objects advantageously situated. 

ITA ,Ia,Ib, &e. he Bearings of the several Ponts , Rocks ke. whose Dis - 
nnees tron’ N°1, are all to be marked, at tirst, by E:stumatow, and the Coast 
funtly sketched betweew them . 

IB, He Ships Course, or the Line in whicly she is supposed to sad toward 





the second Stator, measured by theLog . 

wix,y z.are Distances on tut Line, measured by theLog; av cach of which 
some intersecting Bearings are taker and drawn out while the Shap i uv 
der Sail, for correcting the former Estimated Distances of the fous locks 
ke. and then sketching more exactly the Ligure of the Coast betweew the 
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and the Diverfities of the Coaft between X and Y marked. Proceed-in the 
fame Manner from Point to Point till the whole Coaft-line of the Harbour 
is delineated. If any more ftafimetric Objects become neceflary, let their 
Places be determined by magnetic Interfections drawn from two of the former 
Objects. 


Next, by InterfeCtions of the Needle taken on Land, or of the Compafs 
on Sea, find the Places and Extent of the feveral Rocks, Shoals and Sand- 
banks in and near the Harbour, take Marks for avoiding them, and found 
the Depth of the Water round them, and in other Parts of the Harbour; 
and mark the beft Anchorage. 


Such a Draught as this of a Bay or Harbour neither requires much Skill 
nor Time to execute; and though not exact in the Diftances, exhibits a jut 
Reprefentation of the Place; and will be found fufficient for direCting Velf- 
fels in and out without a Pilét, if the Channel is not very intricate. 


EX AiM':P L E- Vi 
How to fketch a Coaft in failing along it. 


i. Prepare a Sheet of large Paper, with parallel Black-lead Lines and 
Perpendiculars croffing them all over, as in a ftafimetric Scheme. Prepare 
alfo, ina Book, an Obfervation Table, in which is to be wrote diftinctly and re- 
sularly, the feveral-celeftial Obfervations, Bearings, Diftances meafured by 
the Log-line, Rocks, Shoals, Soundings, Overfalls, Races of Tide, and 
other Remarks that may be made along the Coaft. The Table may confift 
of feven or cicht Columns, difpofed in the following Order. 


@userva- 
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OBSERVATIONS IN NAVIGATING THE COAST OF -———mmes 


Sees Petter. 





From Cape 





to. the Point » being —— Miles meafured by: the: 
Log. The Courfe from Station 1. to Il. being Sz W. 


Year,|Mer.iBearings at Time and{Bearings and Bearing of Rocks, Shoals,|{Remarks on thei: 


JAlt. ff Station I. |{Diftances [Soundings taken ||Overfalls, and their efti-jTides, and on the 
ofthe aj at thefe Dif- {mated Diftances, whenin||Nature and Di-{ 
,|Sun. ; .I.|tances. Line with Points ormenfions of the! 
Heads on the Coatt. Rocks, Shoalsand 

Anchorage. 


soe ee = Gers 


Fath'}/Points and Heads Mi, 


»200. 


RoW, i. c,andRock.W.7°N, | 2!1/This Rock dries 


: d,and Hill.S.19°W. at low Water, and 


Leading-mark tof) 
it 1s,. 


2. Let four expert Perfons:be appointed’; one to take the Bearings ex- 
attly with an Amplitude Compafs; one to overfee the Running-out of the 
Log-line, and to keep an Account of the Ship’s Way, fo as to be able readily 
to tell the Diftance fhe has run, when required; the third'to attend the heay« 
ing of the Lead, to write down the Soundings, and’ the Bearings of one or 
two Heads, Points, or remarkable Parts of the Coaft taken at each Depth : 
the fourth, a Dtaught{man, to draw out the neceffary Bearings and ‘Dif 
tances, and to delineate the Figure and Windings of the Coaft at the feveral 


Stations, and to correct their Forms and Dimenfions while the-Ship is failing 
along the Land. 


3. Begin to take the Sketch, if'it can be done, off fome-remarkable Pro- 
montory, or Point, that extends farther out than the reft-of the Coaft,. and 
may intercept and turn off the principal Stream of Tide, fo that there. may 
be 
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be little Stream where the Ship’s Way is to be firft meafured by the Loe 
Bring the Ship as near the Point as can be done with Safety ; there drop 
Anchor, if the Depth of the Water and the Ground are proper for it; if they 
are not, make the Ship “ie ¢o as fteadily as poffible. 


4. On a convenient Part of the prepared Paper make a Dor to reprefent 
the Place of the Ship; draw a {mall Black-lead Circle round the Dot to 
make it more con{picuous, and mark it with N° I. for the -firtt Station. 
Then take the Bearing of the Point, or Promontory you le off; draw it out 
with a Protractor from the Dot; eftimate its Diftance by the Kye as ex- 
actly as you can; take that Diftance from a proper Scale of equal Parts, 
mark it on the Bearing-line with a Dot, and with the capital Letter A. 
Next take the Bearing of the fartheft Point, or Promontory, which is feen 
diftinétly, and is intended for the Limit of the firft Sketch; draw it out 
from N° I; eftimate its Diftance by the Eye; take it from the Scale, and 
mark it on the Bearing-line with a Dot and with the capital Letter B. Take 
alfo the Bearings, and eftimate the Diftances, of all the Points, Heads, In- 
lets of Rivers or Harbours, Rocks, Corners or Heads of Bays, that are 
feen between the two Points A and B; draw them out and mark them with 
the {mail Letters a, b, c, &c. as far as they are feen with any Dittinctnefs. 








5. Sketch faintly (fo as it may be eafily rubbed out when it is to be cor- 
rected afterward) the Figure of the Coaft between the feveral Dots; as from 
A to a, from ato b, from b toc, &c. as far as two or three Miles; or 
only as far toward B as you have a diftinét Si¢ht of the Bays, Irregularities, 
and Dimenfions of the feveral Parts of the Coaft, and let the reft be fketched 
as you fail paft them, after their Diftances have been correéted by the Ship’s 
Run mealured by the Log. 


6. Look for fome confpicuous tapering Hill, Building, Steeple, or Grove 
of Trees, up the Country, and feveral Miles diftant from the Shore, and 
fituated as far along the Coaft toward B, or beyond it, as can be found; 
take the Bearing of that Hill, or Object exaétly, draw it on the Paper; and 
when another Bearing of it is taken at a proper known Diftance from the 
Station I, its Pofition will then be determined on the Draught by the Inter- 
fection of thefe two Bearings, and will ferve for correcting, or determining 
the Diftances of Points, Promontories, Bays, &c. ‘along the Coaft. 

N 2 7. While 
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+. While the Ship lies at Station I. off A, let the Latitude be obferved; 
if there is an Opportunity, either by the Sun or Stars. Then get the 
Ship under Way, and fail ina ftraight Line for the fecond Station of B, 
meafure the Ship’s Run carefully by the Log, and keep an Account of the 
Time by a Watch as you fail, that when you are off any of the Heads, 
Points or Openings marked with the fmall alphabetical Letters, their Dif 
tance may be known more exactly and corrected : Correct alfo, by the Way, 
the Figures and Dimenfions of thofe Parts of the Coaft which were imper- 
feétly feen and fketched at N° I. Alfo, found the Depth of the Water by 
the Way, and at each Sounding take the Bearing of the firft Point A, or of 
the laft Point B, and of one or more of the Heads, or Points on the Coatt ; 
and likewife of the inland Hull, or other Object, in order to determine af- 
terward the Places of the feveral Soundings, and to difcover whether the 
Ship is carried out of the ftraight Courfe by Streams of Tide, Currents, or 
Leé-way, and to correct that Deviation. Let fuch Rocks, Shoals, Overfalls, 
or remarkable Streams of Tide as are met with, have two or three Bearings. 
taken of them when they appear in a Line with any of the Points, Heads, or 
Iflands in the Draught, and their Extent eftimated by the Eye; and all 
wrote in a Book, to be inferted.in the Draught more correétly afterward ; 
and if there is an Opportunity, to be more particularly examined another 
Time. 


8, When the Ship has got to the Head, or Point B, the Limit of the firft 
Sketch, drop Anchor; or bring the Veffel ¢o, as at N° I; write at the 
Top. of the Od/ervation Table the Diftance between. A and B, as meafured 
by the Log; and write in the Table all the intermediate Diftances fo. mea- 
fured; and likewife the Obfervations, Bearings, Times of them, Diftances, 
Soundings, and Remarks ; all of which muft be referved for future Ufe, 
when the Sketch undergoes another Correétion. 


g. At Station I]. take the Bearing of the inland Hill, or Object, one 
Direction of which was drawn out from the firft Station, and thefe two Bear- 
ings will interfect in the Place of the Hill; which will then ferve to corre& 
the Pofition of fome Parts between the firft and fecond Stations, and to de- 
termine by Interfections the Pofition of Heads, Points, and other Parts of 
the Coaft between the fecond and third Station; and verify, or correét, 
their Pofitions meafured by the Log. 


Take 
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Take alfo the Bearing of the Top of fome other confpicuous inland Hil}, 
or Object, fituated farther along the Coaft, the Pofition of. which, muft be 
determined afterward by another Bearing taken at a proper Diftance; and 
that Hill will then ferve for the fame Ufe between Station III. and IV. as 
the other Hill does between Station I]. and III]. Then take the Bearing of 
the Point, or Head, B, next you; eftimate its Diftance, and mark it on the 
Paper in the Bearing-line with a Dot, and N° II. for the fecond Station, or 
Beginning of the fecond Sketch; alfo the Bearing of a diftant Point or Pro- 
montory, for the other End of it; eftimate its Diftance by the Eye,, draw 
it out from N@ II, and mark it with a Dot and the capital Letter C.. Then 
take Bearings of all the Heads, Points, Inlets,. &c. between B and .C, efti- 
mate their Diftances, and mark them on the Bearings, and fketch the Figure 
of the. Coaft between the Points, and proceed as-was directed at Station I. 
cill the whole is finifhed in the fame Manner. ‘This however is but a rough 
imperfect Sketch, and muft be corrected at more Leifure, by drawing the- 
whole anew on clean Paper from the Diftances and Obfervations in the: 


Obfervation-T able. 


ro. If the Coaft lies northward and fouthward obferve. the Latitudes of 
the Heads, Points, or Inlets, at every 20 or 30 Miles Diftance, if it-can be 
done ; and by thefe let the principal. Diftances be a fecond ‘Time corrected. 
ff the Coaft lies nearly Eaft and Weft, the Diftance cannot be corrected by: 
Latitudes, and therefore frequent Obfervations of the Sun are unneceffary. 


11. When you are obliged to leave off the Work. for. want of Day-light, 
or by bad Weather, do it as near fome Head, or remarkable Part of the 


Coaft as you can; take Bearings, or Marks, on the Place you. lett off at, 
that it may be eafily found when you want to begin again. 


12. If the Coaft navigated is a Strait, or the Mouth of: a River, where 
the Land on each Side can be feen ; at each Station on one Side, take the 
Bearings of remarkable Heads, Points, Hands, Hills, &c. on the oppofite 
Side, and let that be oe Dire€tion by which their Pofitions. and Diltances 


are determined. 


A Coaft fketched in the above Manner may contain many good Harbours 


ox Bays, which are not to. be perceived in failing along it. If there is an 
Opportunity, 
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Opportunity, the Ship fhould go into fome of them, until a Delineation was 
made of them, and the Entrance founded in and out; which would render 
the Sketch of the Coaft of much more Service. 


CHAP. IV. 


Rocks and Shoals determined and defcribed. Tides and Soundings, 
Tides defcribed. Harbours defcribed. Copying and reducing 
Draughts. Neceffary Inftruments. 


SECTION 1. 


How to determine the Diftance and Extent of Rocks, Sand-banks, and Shoals, 


lying off a Coaft that has been furveyed; and how to avoid them by the ap- 
proximating Angle. 


O determine their Diftance; anchor a Veffel at one End of the Rock, 

Sand-bank, or Shoal; and in the Veffel, with Hadley’s Quadrant, 
take the Angles between three Objeéts on Shore, whofe Diftances from one 
another are known, and (by longim. Prob. Page 18.) find the Diftance of 
the Veffel from thefe Objeéts, which will give that End of the Rock or 
Shoal. 


Or, anchor a Boat at one End of the Rock, or Shoal, and take the 
Angles on Shore from two Stations whofe Diftance is known, and (by 
longim. Prob, Page 10.) find the Diftance of the Boat. 


To find the Extent of the Rock, Sand-bank or Shoal; if its Extent is 
{mall, it may be eftimated by the Eye fufficiently near: if large, the other 
Extremity muft be determined in the fame Manner, by the Angles taken on 
Shore; or rather, by one Angle taken on Shore, and that Direétion inter- 
fected by a magnetic Bearing at the other End before determined, 


When a Coaft has been firft carefully furveyed, the Diftance of Rocks, 
Shoals, and Sand-banks may be found with fufficient Exaétnef by two 
Bearings of fome diftin& Part of them taken on Shore with a good magnetic 

3 : Needle ; 
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Needle ; provided the Stations are not at fuch a Diftance, or Pofition, from 
each other as to make too oblique an Interfection. 


Tf the Shoal lies fo far from the Coaft eaftward or weftward that the Land 
cannot be feen at it; in moderate Weather, anchor a Veffel at the Shoal, and 
two Boats with their Sails loofe at a proper Diftance and Pofition from each 
other, between the Shoal and Land, and fo as the Boats may be feen from 
the Shoal, and the Land feen from the Boats. Let an Obferver in each 
Boat take the Angles between three known Objects on Land with Hadley’ s 
Quadrant; and another Obferverin the Veffel at the Shoal, take the Bearing 
of the two Boats as exactly as .poffible with a Compafs. By the firft Angles 
the Diftance of the Boats from the Land, and from each other, will be found; 
and by the Bearings, the Diftance of the Shoal from the Boats, and of Con- 
fequence from the Land, will likewife be determined, 


The Diftance of the Shoal. from any one. of the Boats may likewife be 
meafured by. the Velocity of.Sound,. by appointing two or three.Guns to be 
fired from the Veffel when a.Sienal is made, as direéted in Long. Oper. 3. 


If. Boats, or fmall Veffels, cannot anchor within Sight of the Land, and, 
at the fame Time, be feen at the Shoal’; then {fail from the Shoal towards . 
the Land with a leading Wind, meafure the Ship’s. Run carefully with a 
Log-line, and when the Land is feen diftinétly, there drop anchor ;. and 
find your Diftance from it by Hadley’s Quadrant ; and the Diftance run from 
the ShoaJ, added-to the Diftance of the Land (and reduced to one Direction, 
if neceffary) will give the Diftance and Pofition of the Shoal from the Land 
nearly. If. the Shoal lies North or South from the Coaft, its Diftance may 
be found by the Latitude, and the Ship’s .Courfe. in failing towards the 
Land. 


At every, Rock,. Shoal and Sand-bank, Marks ought to be taken on the 
Land, for avoiding them. In doing this, chufe fuch Objects only as are re- 
markable and ftriking, which a ftranger to the Coatft may readily diftincuith; 
and not fuch as are fmall, or faint, which none but a Perfon particularly. ac- 
quainted in the Place can .find out. If no fuch diftin@ Land-marks can be ae 
found for. direCting Veffels paft them; then they may. be. avoided by the “- i: 
proximating Angle, taken in the following Manner. On the Out-fide.of fucts 
Rock or Shoal, with Hadley’s Sextant obferve. carefully the Angle which twa. 
remarkable 
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teinark Able Objeéts on the Land, at a proper Diftance and Situation, fub- 
tend; take alfo their Bearings by the Compafs and write all down for future 
Ufe. And while at any other Time, in failing towards that Shoal, the Angle 
between thefe two Objects is found dé/s than the approximating Angle, you 
are certainly without the Shoal ; and alfo without all Rocks or Shoals lying 
within a Circle that may be fuppofed to pafs through the two Objects on 
Land, and the Point where the approximating Angle was taken. For all 
Angles ia the Periphery of that Circle, which the two Objects fubtend, are 
equal; the Angles within the Periphery, greater than thefe; and the Angles 
without it, lefs. Euc. iii. 21. The Bearings will fhew when ‘you area mo- 
derate Diftance fiom it on either Side. 


To find out Shoals that may be along any Coaft : in blowing Weather, go to 
the Top of a Hill, Cliff, or Eminence, and obferve where the Sea appears 
rougher, or the Waves break miore, than in other Parts,jfor there the Water 
is fhalloweft ; except the Roughnefs arifes from a Stream of Tide going 
againft the Wind ; or two Streams meeting each other. ‘Take Land-marks, 
or the Bearing of the Breakers, from one, or two, remarkable Places, and 
that will direét you to the Shoal in a Boat afterwards, when the Weather is 


Wil moderate. 


Or, in a Calm, obferve jutt after Slack-water, where a grey Stream, or 
Ripple on the Surface, firft begins ; and at the fmooth Edge of that Ripple 
the fhalloweft Water will be found. 


Breakers are often feen in calm Weather, before a Gale of Wind, where 
the Water is fhallower than in the neighbouring Parts; though there may 
be a fufficient Depth where the Breakers rife, : 


S.E.C Td O-N | Kh 
Circumpances to be taken Notice of in deferibing Rocks, Shoals and Sand-banks. 


st It may not be unneceffary firft to caution a Surveyor againft taking his 
Accounts of Rocks, Shoals, Tidés, or Harbours, folely from the Informa- 
tion of others, without examining them himfelf: for there are few to be met 


with who have been careful and circumftantial enough in their Obfervattons ; 
and 
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f/f 


and fome who will affirm for Fact, as if grounded on a€tual Obfervation, 
what is only a vague Opinion long entertained on uncertain Authority. 
Even profeffed Pilots ate often fatishied with knowihg how to avoid Dangers 
by keeping at a fufficient Diftance from them, or in the common Channel, 
without troubling themfelves about farther Particulars. Information fhould 
be made Ufe of, but only as a DireCtion for farther Inquiry, and to facili- 
tate your own Search and Exammation. In defcribing Rocks, Banks, and ay 
Shoals, Wt 


1. Take Notice how far they lie from fome remarkable Head, or Part, of 
the neareft Land ; and how they bear from that and from fome other confpi- 
cuous Part of the Coatt. 





2. How far they extend in Leneth, and in what Direétion. 





3. What Land-marks lead dire€tly on them. 

4. At what Time of the Tide they begin to dry, or are covered. 
5. The leaft Water on the Shoal. 

6. How they are to be avoided on each Side. 


7- The approximating Angle, if diftin@ Land-marks are not to be 


found, 


SRO LO Nove IM} 


4 *, 


Affections of Tides relative to the Soundings. 


As the perpendicular Rife of fpring and neap Tides varies fenfibly ac- 
cording to the Diftance and Pofition of the Moon with Refpeé& to the Earth, 
and of the Earth and Moon with Refpecét to the Sun, and alfo by Winds 
and Weather; the Depths of the Water proper to be inferted in Draughts 
of the Sea-coaft, feem to be fuch only as ate taken at low Water in ordinary 
Spring-tides ; and not fuch as are found when the Tides are aitected by ex- 
traordinary Caufes. Ordinary Spring-tides may be reckoned, fuch as happen 
in moderate Weather, on the third Day after new or full Moon, when fhe is 
at her mean Diftance from the Earth, and the’Sun not near the Equinoxes. 
O It 
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It would be extremely tedious to wait for low Water Spring-tide, to take all 
the neceflary Soundings. Therefore, that the Depths proper to be marked 
may be known, whatever Time they are taken, let the perpendicular Rife, 
or Fall, of the Water, in moderate Weather, on the third, or fourth Day, 
after Full or Change, and after Quarter Moon,, be firft found by Experi- 
ment; and then the Depth at low Water ordinary Spring-tide may be known 
fufficiently near, by making the following Allowances at the Time each. 
Depth is taken. 


If the Depth is. taken at High-water Spring-tide, then deduct the full 
Rife of ordinary Spring-tide from the Depth found, and.the- Remainder will. 
be the Depth to be inferted in the Draught. 

fift Hour before and.after High-water,.dedu& 7+} 
| 2d Hour before and after High-water, deduct | of the full. 
Spring-tide,! 3d Hour before and after High-water, deduct | Rife of or 
atthe 4 4th Hour before and after High-water, deduct 4; dimary 
| 5th Hour before and after Fligh-water, deduct rz | Spring-tide. 
‘6th Hour,, or about Low-water,, deduct. fone 


If the Depth is taken at High-water Neap-tide, from.each Depth deduct 
“ths of the full Rife of Spring+tide,. or the whole Rife except one fifth Part. 


Cift Hour before and after High-water, deduct 
| 2d Hour before and after High-water, deduct. 3], f the full 
Neap-tide, | 3d Hour before and after High-water, deduct 2 oy : ‘ i 
at the bath Hour before and <ter High-water, deduct + Ge piss a. 
5%: Hour before and after High-water, deduct + I oes. i 
6t!, Hour, or about Low-water,. deduct: xJ 


[= plo fp 


Thefe Allowances are not given.as quite precife, for they will vary_a little 
from feveral Caufes., but as a general Rule, which will be found fufficiently: 
exact on moft Occafions. Shoals and Channels that have lefs than four Fa-: 
thoms, and are much in the Way of: Shipping, require ta be founded at low 
Water Spring-tide, that the Depth of the. Water there may. be more precife. 


“That the Depths to be marked may be known, with more Exactnefs, let it. 
be obferved, that when the Moon. is in the Perigea, or leaft Diftance from. 
the Earth, then the perpendicular Rife of {pring and.neap Tides are about 
3 one 
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one eighth more than ordinary; and that about the Equinoxes, the full Rife 
isabout one tenth more, from that Caule alfo: that when the Moon ts in 
the Apogea, or at her greateft Diftance from the Karth, then the Tides are 
proportionally lefs than ordinary : fo that fometimes the greateft neap Tides 
may rife as ‘high as the leaft {pring Tides. But thefe and other Affections 
of the Tides have not yet been fo minutely imquired into as they deferve. 
Hard Gales of Wind in any Place, efpecially if it blows in the DireCtion of the 
Flood, fwells the Tide to an uncommon Height: Storms at a Diftance, are 
found fometimes to occafion an extraordinary Rife of the Water in Flaces 
where the Gale is not felt: and two Streams of Tide running round an 
Ifland, make the Tide rife higher near their Meeting than at does in other 


“ous ; 
Vnap. 4. 


neighbouring Parts. 


Where the Depth:at iow Water is above fiye Fathoms, there a Foot or 
two, more or lefs, is of no great Confequence ; and therefore it is fufficient 
if the Deduction from the Rife of {pring Tide is in Proportion to the Time 
of the Tide: that is, at high Water, deduct the full Rife; at quarter Ebb, 
three Quarters; at half Ebb, or Flood, half the Rife, and at three Quar- 
ters Ebb, or one Quarter Flood, deduct one Quarter of the full Rife from 
each Depth found. 


The beft Way to find the exaét Time of high Water on the full and 
change Days 1s, in ‘moderate Weather, when the Sea is fmooth; then, about 
three Hours before high Water, mark the Place on the Shore to which the 
Tide reaches, and write down tke Hour and Minute you obferved it : on the 
Ebb, watch till the Tide falls to the fame Mark on the Shore, and fee what 
Hour and Minute it is then; and to the Time between the two Obfervations 
add two Minutes for each Hour, on Account of che Acceleration of the 
Tide, and half that Sum, added to the Time of the firft Obfervation, will 
be the true Time of high Water chat Day. 


Sa? 6 Ng Ral Do Te a 


Circumftances to be taken Notice of in defcribing Tides. 


1. Obferve the Time of high water on the full or change Day of the 
Moon. Let it -be exprefied in Hours and Minutes, not as is commonly 
O2 dope 
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done, by. the Bearing of the Moon, which ferves no-ufeful Purpofe what- 
ever, but always occafions an unneceflary Reduction of Time, and Points of 
the Compafs, into one another. 


2. Obferve the perpendicular Rife of the Tide on the third, or fourth. 
Day, after new or full Moon; and at different Seafons of the Year; and. 
when the Moon is in the Perigea and Apogea. 


3. Obferve the Direction of the Streams of Flood and Ebb, near the 
Coaft, and at a Diftance from it; the Irregularities, or Variations of their 
Dire&tion;, and at what Time of the Tide on the Shore, the Stream in the 


Offing begins to turn, 


4. Obferve the greateft Velocity of the Stream at {pring and neap Tides,. 
off the Coaft, and in Channels; meafured by a Log-line heaved from a Boat 
or Ship at.Anchor, or by driving with the Stream, in a Calm,,a known. 


Diftance. 


5. In, fpeaking of irregular Tides, do not fay, it flows 9,°or 8 Flours,, 
and ebbs 3, or 4 (as is often done) when you mean: only, that the Stream 
runs g, or 8 Hours one Way, and 3, or 4.the other; for that creates Con- 
fufion, and fometimes Miftakes. While the Tide rifes, and then. only, it is 
Flood; and only while it falls, is it Ebb; in whatever Dire¢tion. thefe- 
Streams run. Therefore always exprefs fuch an Irregularity in the Stream, : 
by the Time it runs in one Direction, and the Time in the other. 


SFETION” Vv 
Circumptances 1a be taken Notice of in defcribing Harbours. 


1. Obferve if they are well fheltered, or,, on what Quarter they are: 
expoied. 


2. The Depth of the Water, and Nature of the Ground in the Anchorage. 


3. What Number.of Ships they are capable of containing eafily ;, and of 
what Size, or Draught of. Water. 


4, In what Part to anchor; and the Land-marks, or Bearings. for it. 
3 5. How 
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5. How the Entry may be diftinguifhed at a Diftance, or how to fall in 
with it coming from Sea. 


6. How to avoid Rocks and Shoals in the Way to a Harbour; or failing 
to the Anchorage. 


7. If there is a Sufficiency of frefh. Water, and where it is ;, and what. 
Provifions the Place affords, 


8. In unknown Places, obferve what Forts, or Batteries are in them ; 
what their Strength is ; and how near a large Ship may get to them: or, in. 
what Parts of the Harbour, Forts, or Batteries, may be advantageoufly 
erected, either for Defence, or Attack. 


sh KOS, Daal CO Da ena by 


How to copy a Draught exaGly. 





Pin cleam Paper over the Draught to be copied, fo.as they may not fhift :. 
hang, or hold, them up before a Window, or the Glafs of a Chariot, and 
the Drawing will appear through the clean Paper, and may be traced on it. 
with a black-lead Pencil, and afterwards with Ink. 


Or, rub the Back. of the Draught, or as much of it as may be neceffary, 
ever with Charcoal; lay the rubbed Side on clean Paper, and pin them toge- 
ther,. and lay both on:a Table,, the Draught uppermoft, and with a {mooth-. 
pointed Tracer, of Brafs, Ivory or Steel, not very fharp, trace. exa¢tly all 
the Coaft-line firft, and then other Parts, and the Under-paper will retain 
the Impreffion diftinctly. If the Charcoal. ftains other Parts of the Under- 
paper, it will rub. out by the Crumb of Loaf-bread, after the Tracing is 
inked, 


Ii, inthe Copy, you want the true Meridian right: up and down on the 
Paper, inftead of the Magnetic : draw the true Meridian firft on the Middle 
of the original Draught; then in a proper Part. of the. clean Paper (before He 
it.is pinned to the other) draw a Line right up and down, and pin them: te: 
together fo, that the Line on. the clean Sheet may lie exactly, under, or 
over, 
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ever (according to the Manner of copying) the true Meridian drawn on the 
Original , then trace the one from the other. 


Seer LO SIN Noe 
How to reduce a Draught to a fialler Scale. 


A Pantagraph is by far the eafieft and moft expeditious Inftrument for 
diminifhing Draughts with Accuracy: but, when one of a fufficient Size for 
large Draughts cannot be got, either of the following Methods will ferve. 


With Black-lead draw the large Draught all over with Crofs-lines, form- 
ing exact Squares : draw the clean Paper for the Copy alfo over with the 
fame Number of Squares; but their Sides {maller, in Proportion to the in- 
tended Size of the Scale; fuch as one half, one fourth, &c. of the Length 
of the other: diftinguifh, by a ftronger Line, and mark with a Figure, every 
fifth or fixth Row of Squares in both, fo that the feveral correfponding 
Squares may be more readily perceived: then, in each of the {mall Squares, 
draw, by the Eye, a Curve fimilar to that which is in the correfponding 
larger Square, till the whole is copied. 


Or; draw a Black-lead Line from End to End of the large Draught, in 
any Direction, as AB (Plate Il. Fig 7.) by its proper Scale divide that 
Lineinto.any Number of Miles, or half Miles; at each Divifion raife Per- 
pendiculars, and draw them eut to the Coaft-line, and mark them 1, 2, 3; 
&c. at each End. 


On a proper Part of the Paper for the fmall Draught, draw a Black-lead 
Line right up and down on the Paper, for the Meridian ; and another Line 
making the fame Angle with it, as the divided Line in the large Draught 
does with its Meridian, and in the fame Pofition as a b (Fig. 8.) make a b 
the half, the fourth, &c. of AB, according to the intended Diminution ef 
the Scale; divide it into the fame Number of Miles, or half Mules, by its 
proper Scale, as the other is; at each Divifion raife Perpendiculars, draw 
them out a fufficient Length, and mark them at each End, 1, 2, 3, d¢c. as 
in the other, that the correfponding Perpendiculars may be readily found. i 


Meafure 
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Meafure on its proper Scale the Length of the firtt Perpendicular on A B 
in Miles and Parts of a Mile: take the fame Number of Miles and Parts 
from the {mall Scale, and fet it from 1 to 1, in the {mall F iloure, and mark 
it with a Dot: do the fame in every other Perpendicular, and fo many 
Points of the Coaft in. the {mall Figure will be found. 


Then, between every two extreme Dots in the {mall Figure, fketch by the 
Eye the correfponding Curve of the large Coaft, and both Figures will be: 
fimilar in every Refpect.. Hills, Rocks and other Objects may be drawn in 
the fame Manner. 


There are proportional Compafies and Compafles with: three Legs made, 
by which {mall Draughts may be diminifhed; but. they do not anfwer fo. 
conveniently for. very large Draughts.. 





SOE2G. RIO Ni VOL 
Infiruments and.other, Neceflaries for taking a Survey of the Sea-coaft. 


A. good. aftronomical, Quadrant 14 Inches Radius of Bira’s Conftruction ;. 
with a Pirn of fine Stlver-wire for the Plummet. 


A Hadley’s O€tant,. 18 Inches. Radiys. vi: 
A Hadley’s Sextant of Brafs, g Inches Radius. 


A Bell-metal Theodolite, with a fpirit Level, Needle and two Telefcopes :. 
the Objects to be feen direct through the Telefcope, not inverted. 


A Cafe of good Pocket-inftruments. 
A Brafs-fcale 3 Feet long, with various Lines of. equal Parts on it. 
A, Wooden-ruler 5 Feet. long. 


A. beam-compafs of Wood two Feet long and 3 broad, divided from the. 
Center Point along a chamfered Edge into Inches and eights of. an Inch. 


A Gunter’s Scale 2 Feet long ;. and one.a Foot long, 


A- Brafs 
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A Brafs circular Protraétor 12 Inches Diameter, with an Index and Pricker 
to mark the Degrees and Minutes on the Paper; the graduated Edge filvered. 
Another 5 Inches Diameter and another femicircular, 3 Inches Diameter. 


A meafuring Pole 30 Feet long, divided into Feet; and confifting of two 
Pieces that may be joined together End-ways, and taken afunder at Pleafure. 


A ftraight Mahogany-pole, precifely 6 Feet long, divided into. Feet and 
Inches; the two extreme Feet into Decimals of an Inch. 


Two Iron-chains, each 60 Feet long; each Link a Foot, and the Thick- 
nefs of a Quill; with brafs Marks at every tenth Link, 


Four Iron-Reels, with Stakes and Lines, fuch as Gardeners ufe. 


Three wooden Poles, each 10 Feet long, and 13 Inches Diameter; 12 
Poles, each 6 Feet long and one Inch Diameter : all pointed with Iron on a 
Socket, fo as to pierce the Ground eafily and ftand firm in it. 


Thirty cylindrical Iron-pins, fharpened at one End, for piercing the 
Ground at the End of each Chain, or Meafuring-pole; each about 8 Inches 
long and half an Inch Diameter. 


Two Canvafs-pockets for holding thefe Pins, with Strings for tyme them 
round the Wafte of the Meafurers, 


A good amplitude Compas. 


A magnetic Needle, with an agat Cape, Brafs eraduated Circle, and a 
Lever, in a {quare wooden Box, with jointed Sights to lie within the Box 
when fhut. 


A Pocket-compafs, with an agat Cape. 


A Ship’s-compafs, for taking Bearings in thé Boat; the Depth of the 
Box equal to the Diameter of the Card, fo as not to touch thé Glafs above, 
nor the Bottom below with any Motion; and the Angle of the Cape a 
Right-angle. 


A good portable refracting Telefcope, of Doland’s Conftruction. 
A Cafe 
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af ebc oard into CWO A Eh oh 


A Cafe of Leather, divided Ij-neth-ways by P 
ments,.2 Feet 1 Inch long, ang 18 Tithe broad ; 1oldine the Midian 
g d oldine the origin; 
Draught, {pare Paper, Scales and Protractors, and fecurine them from Raina 
and Sait-water: allo a {mall Drmwine-broad, the Size of the Cafe, with Lea- ‘ 


ther Straps.and’ Buckles, for cafrying both together over a Man’s Shoulder, 


T 


A YDraught-cover, 2 Feet Ione, and 18 Inches broad, made at Pafte- 
board covered with Oil-cloth,:dike the Cover of a Book, for laying the ori- 
ginal Draught 1n, that it may flip eafily in and,out of the Leather Cafe 


without Injury. 
A good Stop-watch, that fhews Seconds. 


A Two-foot reflecting Telefcope, for obferving Eclipfes of Jupiter’s. Sa- 1 
ellites, or of the Moon, when neceflary to find the Longitude. Je 


A large Drawing-table, 7 Feet long, and 5 Feet broad, with a round 
Moulding along the Edge of one Side afi one Pend: to keep the Paper {mooth 
when drawn over the T ‘able to reach the Top of the Draught. The Board, 
when not in Ufe, to come afunder in two Leaves, one “of the Leaves Iz 
Inch broader than the cther: when in Ufe, to be faftened together on the 
under Side by two Hooks, one near each End; and to be fupported by a 
Frame, or by a long three-legged Stool at each End with a loofe Poft, 
or Pillar, under that Side where the Drawer commonly fits, that the Board pt 
may not warp, or bend, by his Weight when leaning on it: the Parts of , | 
the Frame, or Stools, to be made and marked fo as to be eafily taken to 


Pieces, or joined, occafionally. 








A Folio Obfervation-book of 4 Quires medium Paper, ruled at the Top 
for a running Title; and for a local Title; a two- inch Margin on the left 
Side of each Page; and and two Columns on the Right: the. firft J half an 
Inch, for Degrees and Minutes, the other one Inch, iy magnetic Bearings. 


A Folio Journal-book, of 3 Quires medium Paper, ruled. at the Top; 
with a two-inch Margin, and, a {mall Column for the Days of the Mohth 


on the left Side of each Page. 
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A View-book, of half a Quire imperia® Paper, opening Length-ways to: 

the Extent of two Sheets, and twelve Inchys broad; the Leaves pafted and 
guarded in the Middle. 


Memorandum-books, ‘each of 6 Sheets “Demy-paper, with red Leather: 


Covers. 
tr 
7 


Eaft India, or fuch other large Paper, for the original Draughts; that: 
may bear to be often folded without cutting, é 


Imperial Paper for the Draughts. 


Tranfparent Paper, for copying Parts of a Draught readily for occafionalt 
Service. 


Cartridge Paper, for covering up a clean Draught while it is making out: 


Quills, Crow-quills ; Cake-ink, Indian-ink,; Hair-pencils, fome. of. the: 
fmalleft, and fome of a middling Size ; Black-lead Pencils, fome of which 
flat; Charcoal, for copying a Draught by tracing it.on a Table; Penknives, 


A Survey-boat, or fix-oar’d Cutter, 24 Feet from Stem to Stern, .7 Feet 
3 Inches broad, and 2 Feet 11 Inches deep, with Wafh-boards, Mafts, Sails, 
&c. and two Graplings, a laroer anda lefs; the larger to havea Block. 
triade faft to the Ring for running 40 or 50 Fathoms of Rope through, in 
order to moor the Cutter off the Shore or Recks, and haul her. in or out at 
Pleafure. Alfo an Awning of painted C anvafs to fleep under where it is not 
fafe landine. Such a Boat will carry, of King’s Allowance, one Week’s. 
Beer, and two Weeks Provifions (Water and Firing excpted) of all. other. 
Kinds for eight Perfons; together with a Tent, Bed-cloths and. cooking, 
Veffels ; and is fit for rowing as well as failing, if made light. 


_ A Captain’s Tent and Marki, with a Bed and Bedding to. ferve two» 
Perfons. 


A Veffel about 120 Tons Burden, pretty broad in the Beam, and full in 


the Bows; and of fuch a Mould as to draw little Water, and to take theGround 
3 eafily 5 


Y ie 
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eafily; with a Cabbin 12 Feet in the Floor, well lighted, and fit to hold 
the above-mentioned Drawing-table. Her Complement of Men (befides the 
Surveyor, his Affiftant and two Servants) to be a Matter, a Purfer, a Mate, 
a Midfhipman, a Carpenter, a Sail-maker, a Boatfwain, a Cook, fourteen 
able Seamen before the Maft, anda Pilot for the Coaft, <A larger Veffel 
cannot go into {mall Creeks, which will often retard the Service, and be 
found very inconvenient on a Survey: a Veffel much lefs, cannot keep Sea 
well, nor carry Provifions and other Stores fufficient for the Seafon; which 
is likewife a Difadvantage. In hot fickly Climates, and Countries where 
Seamen cannot be got eafily, a greater Number of Hands will be neceffary, 
and likewife a Surgeon. If the Surveyor has two Affiftants under his Di- 
rection, that both may be employed at the fame Time, another fix-oar’d 
Cutter, with fix Hands more, will be neceffary: and, if the Coaft has many 
Shoals, Sand-banks, or Bar-harbours along it, or few Harbours that are ac- 
ceffible at all Times of the Tide, a Pilot for each Boat, who'is minutely 
acquainted with the Coaft, will alfo be neceffary, to guard againft Misfor- 
tunes, and for finding out the Shoals and Channels more readily. 





CRS ES Bee, 


gcc. 1. To find the Longitude by an Eclipfe of one of Jupiter’s : 
Satellites. 2. To continue a Meridian through a Kingdom. 3. To ( j 
trace a Parallel of Latitude through a Kingdom. A 


ee PM POUN 1. 


Hew to obferve an Eclipfe of Fupiter’s Satellites, in order to find the Longitude 
of the Place of Obfervation. 


HE moft exaét Survey of a Coaft cannot be reckoned complete, 
till its Longitude from fome other noted Place is known: and the 
moft careful Surveys, if they extend far eaftward, or weftward, will require 
to be corrected by an Obfervation of the Longitude. It is therefore a-necef- 
fary Part of a Surveyor’s Bufinefs to underftand how this Problem is to be 


performed. 
P 2 For 
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For determining the Longitude of one Place from another on Landy. 
Eclipfes of Jupiter’s Satellites, efpecially of the firft, are found to be the 
moft advantageous celeftial Appearance. If the Hour, Minute and Se- 
cond when any fuch Echpte happens is obferved in two Places, the Dift 
ference of thefe Times, converted into Degrees, Minutes and Seconds of a 
Circle; will give the Diftance of their Meridians, or the Longitude of one 
Place from the other. Or, if the precife Time of an Immerfion, or Emer- 
fion at one Place is known by. Calculation, and found by Obfervation at any 
other, their Difference of Longitude will then be known. There are Tables 
publithed annually, in the nautical Almanack, of the Time at Greenwich, 
when Jupiter’s Satellites will be eclipied: if therefore the Time in another 
Place, when fuch Eclipfe happens, efpecially of the firft Satellite, is found: 
by Obfervation, their Difference of Longitude will be thenknown, 


To find the precife Time of the Day at which an Immerfion, or Emerfion 
of a Satellite is obferved, four principal Operations are neceflary, 1. Ta, 
Jind an exalt Meridian-line, {o that by it a Clock, or Watch, may be fet 
either to apparent or to mean Time at the Place of Obfervation. 2. To re 
gulate the Clock or Watch, {o as they may keep equal Time: or, to find the: 
Error of their Going, that proper Allowance may be made for it. 3. To fet. 
ike Clock, or Watch, to mean or equal Time by the Meridian-line. 4. To obferve, 
and note, the precife Moment when the Eclipfe begins, or ends. e 


1. Id find an exali Meridian Line. \ For doing this, fee feveral Ways by. the. 
Stars (Part 1. Beginning at Page 47.) which are more to be depended on. 
than any Obfervations of the Sun, if the Obferver is not provided with the 
beft Inftruments and a convenient Obfervatory. 


2. Io regulate a Clock, or Watch, fo that they may keep equal Time; or to. 
find how much they go faft or flow, that Allowance may be made for it, 
I he moft fimple and certain Teft of equal Time is, the diurnal Rotation of 
the Earth on its Axis: or, which refults from it, the apparent daily Revo- 
lution of the fixt Stars round the Axis of the Earth, By that, therefore, 


let your Clock, or Watch, be regulated, as directed in.Merid, Prob, Page 56. 


3. When: 
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3. When the Clock, or Watch, is regulated to go equally, or the Error 
of their Going is found , then let them be fet to the mean Time * of the Day by 
the Meridian-line, in the following Manner. 





? 


In a Room with a large Door, Window, or Opening towards the North,, 
from whence your Meridian-line northward may be feen vi the Meridian has 
been marked toward the North) and another Door, Window, or Opening, 
towards. the South, right oppofite to the other, through which the Sun may 
be feen at Mid-day ; hang up two Plumb- lines exactly in the Meridian, as. 
far. afunder as conveniently may be; let. the Plummets, or Weights, be as 
heavy as. the Lines will eafily bear; and make them {wing in Water, to pre- 
vent fhaking by the Motion of the Air. Stop the Clock, or Watch,, pre- 

cifely fo many Minutes and Seconds before, or after twelve, as are equal to 

the Sun’s Equation that Day, which may be found in Equation Tables ;. and 
with a {moked or tinged: Glafs before your Eye, obferve when the Center of 
the Sun comes exaétly. in a Line with the two Plumb-lines, and that Moment: 
call out, New ; that your Affiftant may fet the Clock, or Watch, agoing im-. 
mediately... Or,» which perhaps is more accurate, ftop. the Clock as. many, 
Minutes and Seconds before the Time pointed out by the Equation, as the 
Center of the Sun: takes to move the Length of his Semi-diameter. that Day 
(which may be found in the nautical Almanack) and when the wettern Edge: 
of the Sun juft touches the Plumb-line, fet the Clock, or Watch, agoing,, 
and they will then be fet to mean or true Time. In moft Places. it will be: 
neceflary to,have a fall temporary Room, for an Oobfervatory, built on 
purpofe ; with an Opening toward the North, and another boat the South, 
that may be. fhut, at Pleafure, to keep out any Draught of Air. which seit 


difturb the Piumb-lines.. 





Time is, the Time fiewn by.a Clock that is fet right, .and goes exactly, 


*. Mean;, or equal 
equal. Or, it is the Time fhewn by the Sun, corrected by the Equa ition; or. when Allowance ° o) 
iY ni 


is made for the Inequality of the Sun’s Motion. 
Apparent Time is, the ‘Vime fhown by the Sun (whether in the Meridian or. not) without 
making any Ailowan nce for. the Inequality bf the Sun’s. Motion: this is the. Time fhewn by a. 


rk 


pa] 


od Sun-dial ; or fonnd a an Azimuth or Amplitude of the Sun. 
Equation of Time is, the Acce Abreltitdns or Retardation,,of the Sun’s Motion; or how 


much the Sun is too fait, or too flow, of equal Time, 






4. Tb, 





ie MARITIM SURVEYING. Part.2. 


4. To obferve, and note, the precife Time of the Immerfion, or Emerfion, of @ 
Satellite « Two or three Days preceding the Night of the Eclipfe, fet your 
Clock, or Watch, to mean Time by the Sun and the Meridicn, and, if it 
can be done, examine its Accuracy, the Day of the Eclipfe allo, but with- 
out altering the Clock, though it has not gone quite exact; for Clocks and 
Watches often go irregular a little after they have been fet back or forward : 
only, note how much it is lefs, or more than the mean Time each Day, that 
proper Allowance may be made in fettling the true Time of the Eclipfe. 
Guefs as near as you can to your Longitude from Greenwich, and from 
thence find at what Time the Eclipfe may be expected with you: if you are 
eaitward of Greenwich, the nominal Time it will happen with you will be 
fo much later than at Greenwich; if you are weftward of Greenwich, the 
Time with you will be fo much fooner, according to the Longitude. An 
Hour before it is expected, adjuft the Telefcope * to your Sight, fo as 
to fee Jupiter’s Belts diftinély. A Quarter of an Hour before.the Eclipfe 
is expected (or more, if your Longitude is very uncertain, or if it is any Sa- 
tellite but the firft) fit down to your Telefcope; and if it is an Emerfion, 
keep looking towards that Part of Jupiter’s Difk on which you find, by the 
nautical Almanack, it is to happen. But obferve, that if your Telefcope 
inverts Objects, the Eclipfe will happen on that Part of Jupiter’s Difk which 
is diametrically oppofite to that in the Almanack. While you are watching 
the Appearance of the Satellite, let your Affiftant count every Second au- 
dibly, by the Beats of the Clock, or by the Motion of the Second-hand of 
the Watch; and the Inftant the Satellite appears, if an Emerfion; or the 
Inftant it difappears, if an Immerfion, call out, Stop: and immediately, the 
Affiftant fhould repeat the laft Second he counted, which the Obferver fhould 
note down directly, while the Affiftant looks to the Minute, and notes it 
down. Write down likewife what Sort of Telefcope you obferved with, 
and its leneth-and_ magnifying Power: for Eclipfes will be perceived fome- 
what fooner by a good Telefcope than by one of a-worfe kind. 


* The Telefcopes proper for obferving the Eclipfes of Jupiter’s Satellites are, common re- 
frating Telefcopes, from 15 to 20 Feet; reflecting Telefcopes of 18 Inches or two Feet ; and 
Telefcopes of Mr. Dolona’s Conftruction, with two Objett-glafles, from 5 to 10 Feet: or, 
which are {till more convenient, thofe of 34 Feet, which he has conftructed with three Obje&- 
giafies. 


Ap 
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An experienced Obferver may count the Seconds by the Beats of the 
Clock, without an Affiftant; but one unaccuftomed to thefe Obfervations,, 
by attending to the Time and Satellite together, will be liable to a Miftake: 
in one, or to. Inaccuracy in the other. 


If it is the apparent Time of an Immerfion, or Emerfion, that is obferved, 
(which is found by fetting the Clock to Twelve, when the Sun’s Center is on: 
' the Meridian) it muft be correéted by the Equation anfwering to the Time: 
of the obferved Eclipfe, to reduce it to mean Time, to which Eclipfes are 
ealculated.in the Almanack ; and the Difference between the calculated Time 
at Greenwich and the equated obferved Time of the Eclipfe,. converted into 
Degrees and Minutes,.will. be the Longitude from Greenwich. To convert 
Time into Degrees and Minutes of a Circle: for every Hour allow 15 De- 
grees, for every Minute of Time over the Hours, 15 Minutes of a Degree ;, 
and for every Second of. Time aver the Minutes, 15 Seconds of a Degree. 


Emerfions are vifible only from the Time of Jupiter's Oppofition to the: 
Sun, to the Time of his Conjunction: during: which Time, he rifes after 
the Sun fets.: Immerfions are vifible only from his Conjunction to his Oppo- 
fition ;, during which. Time,, he rifes before the Sun fets. 








To find when Jupiter is above the Horizon, and to diftinguifh him-amoneft 
the Stars; the eafieft and readieft Way is by a celeftial Globe, as follows.. 
Find his Place in the Ecliptic from an Ephemeris for the Day propofed; 
alfo his Latitude, or Diftance South or North of the Ecliptic; mark that 
Diftance on the Globe on a Circle of celeftial Latitude paffing through his. 
Place in the Ecliptic. Re¢tify the Globe for the Latitude of the Place 
yon are in, and for the Sun’s Place at Noon, and fet the Hour Index. 
to 12 turn the Globe till the Hour Index points out the Hour propofed ;. 
lay a Quadrant of Altitude from the Zenith over the Point marked on the: 
Globe for his Place, and it will fhew his Height above the: Horizon,. and: 
likewife his Azimuth at that Hour: allow for the Variation of the magnetic 
Needle, and you.will have his Bearing by the Compafs.. By the Altitude 
and Bearing Jupiter will be eafily found among the Stars, for he is the 
largeft_ to Appearance of the Stars and Planets, except. Venus, who is. like- 
-wile.a little brighter than he.. 7 


a Though. 
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Though an Eclipfe of Jupiter's firft Satellite is much more to be ie on 


¢ gisieae the Irregularities of its Motion are better known ; yet 
hit i 4 : i 
‘i clipfes of the other Satellites ought not to be neglected when there is an Op- 
4 
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othe er Place 5 by W QO 


be as exactly known as by an Eclipfe of the “rr ot aimee and if the Ob- 
fervations and Telefcopes are good, is more to be depended on than any Cal- 
culation. 





me 


If the Part of Jupiter’s Difk, and the Diftance from it, at which the 
{ satellite will happen, are known, that feems preferable to an 


Immerfion; becaufe the Appearance of any luminous body 1s more initanta- 


neous than its Difap pearance. 


To find the Longitude of a Place by an Eclipfe of the Moon; a Meri- 
dian Line muft be firft found; then a Clock, or Watch, regulated to keep 
equal Time, then fet to mean or true Time by the Sun in the Meridian, as 
before direted. Then the precife Time noted by a Clock, or Watch, when 
the Moon’s eaftern Limb touches the Earth’s Shadow ; alfo the Time when 
the Shadaw touches fome remarkable Spots in the Moon’s Difc; and when 
yy the Moon’s weltern Edge touches the Shadow at its going off, when the 
Eclipfe j is juft over: thefe feveral Times, compared with correfponding Ob- 
fervations in other Places, or with a Calculation, will give the Longitude 
between thefe Places. But Eclipfes of the Moon are not to be relied on 
nearer than to three or four Minuies of Time; chiefly from the Difficulty 
i of diftinguifhing the Edge of the Shadow precifely : and therefore Eclipfes 
a | of Jupiter’s Satellites are to be preferred to lunar Eclipfes, for determining 

the Longitude of any Place. 


SECT TON IT 
| - How to continue a Meridian Line through a Kingdom, or large Countiy. 
BG » PLATE DL, FLG. 


Firft chufe fome remarkable Place from whence to begin the Meridian, as 
a noted Obiervatory, Church, Caftle, Hill, &c : if it is near the Middle of 
; | i the 
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the Kingdom, fo that the Meridian may be continued northwatd and fouth- 
ward from it, it is the better. Then provide a fkilful and faithful Afiftanc, 
with:two Sets of Inftruments, one Set for yourfelf, and one for him; and 
fix Men, at lealt, to attend each. Provide alfo two convenient Tents, one 
for lodging you, and your Attendants and Inftruments, the other for him, 
his Attendants and Inftruments. The Tents will ferve likewife for Signals, 
and for making Obfervations in, and fhould therefore be fo contrived, that Bis 
a Breadth, or two, of the Cleth at each End, from Top to Bottom, may be HH 
laid open occafionally for obferving the Stars. The neceffary Inftruments are, 
two Sextants of two Feet Radius, graduated fo as to be capable of taking 
horizontal Angles to Parts of a Minute; with a fpirit Level, and two eood 
Telefcopes to each, with Crofs-wires in the common Focus of ‘the Glafies, 
and a fteady Stand to fupport the Inftruments horizontally: two good mag- 
netic Needles with Sights; four Plumb-lines, each fix Feet long, and two 
Stands for them, one to fupport two together, about four Feet afunder , 
fix ftraight fpiked Poles, each twenty Feet long, with black and white Flags 
for their Tops, to render them confpicuous, as they happen to bear on the 
Sky, or on dark Land; and a Line drawn on one fquare Side of each, right 
up and down, for a Plumb-line to be applied to, in order to fet them per- 
pendicular: if the Plumb-line is hung in a Box, to fcreen it from the Wind 
when applied, it would be an Advantage. A Borer, or fome fuch Inftru- 
ment, for readily making a Hole in hard Ground for the Poles to ftand in 
firmly: in Wind, thefe Poles will need to be fupported by Ropes from the 
Top, like a Tent-pole, or by three fpreading Legs like a Theodolite: 
twenty {piked Poles, each fix Feet long; a meafuring Pole, or Chain, with 
Reels and Lines on them, for meafuring a ftraight Line on the Ground. 





At the Place where the Meridian is .to begin, find an exaét Meridian 
Line, by one of the moft accurate Methods explained in Part 1. (beginning 
Page 47.) mark its Extremity by along Pole fet perpendicular in the Ground, 
and a Flag at Top. Continue the Direction of that Part of the Meridian 
farther, if meceffary, by taking that Pole, and the Pole or Object you be- 
gan at ina Line; or by fetting other upright Poles in the fame Direction, 
till you come to the Summit of a Hill, or Eminence, where there is an ex- 
tenfive View beyond it; there mark a Point in the continued Meridian, by 
a Pin driven in the Ground, and pitch your Tent over it, fo that the two 
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Tent-poles may ftand parallel to the Meridian, at about the Diftance of a 
Feot from it, and not hinder. your feeing any Objects that are in the Conti- 
nuation of it. Within the Tent (that your Obfervation may not be dif- 
turbed by the Wind) hang two Plumb-lines on their Stand; and when at 
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Reft, make them hang exattly in the Meridian backward, or toward the 
Beginning of the Meridian, by cutting the Object you began at, and one or 
more of the Poles which continued the Meridian. Stand next behind the 
other Plumb-line, and, when both are at Reft, obferve if they cut any {mall 
remarkable Part of a diftant Object which may be precifely known when 
you go to the Object; if fo, then is that Part of the Object in the Meri- 
dian ; which may be continued from it as before, by taking it and the Mid- 
dle of the Tent in a Line, till you come to fome neighbouring Hill, or 
Eminence, convenient for pitching the Tent on, and making Obfervations. 
But if the Plumb-lines do: not cut fuch a fmall diftinguifhable Part of an 
Objeé&t (which indeed will very feldom happen) then proceed in the following 
Manner. | 


Find out fome Hill, or Eminence, on one Side of the Direction of the 
Plumb-lines (the nearer to it the better) and fo far off as that your Affiftant, 
at that Eminence, may fee your Tent, and you may fee his, when it is 
pitched on it: if they can juft be perceived by the naked Eye, it is fuffi- 
cient; for then they will be diftinétly feen through the Telefcopes on the 
Sextants. Let your Affiftant take the Bearing of the Hill, and of the Di- 
rection of the Plumb-lines with the magnetic Needle, and note them down, 
and thefe will ferve to direct him nearly to the Hill and Meridian: fend your 
Affiftant to the Hill propofed, with his Tent, Servants and Inftruments, and 
let him pitch his Tent on a convenient Part of the Hill, or the neighbour- 
hood of it, where he can fee your Tent, and you his; and, at the Door of 
his Tent, fet up along Pole, with a confpicuous Flag at the Top of it, 
for a Signal to be obferved through your Telefcope: fet you up fuch an- 
other Signal in the Direétion of the Meridian, near the Door of your Tent, 
to be obferved by him. As foon as his Signal is up, fet your Sextant level, 
with the Center of it at the Place of the Signal, and take the Angle which 
his Signal makes with the Meridian, or Direétion of the Plumb-lines: 
write it down, and fend a Man with it to the Affiftant; when you have 

done, 
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done, fet up your Signal in its Place, with another Flag above the former, 
to fignify that you have finifhed your Obfervation ; and let them remain fo 
till your Affiftant’s Tent is taken down. 


When the Affiftant has fet up his Signal, then he muft go as near the Di- 
rection of the Meridian as he can, by its magnetic Bearing which was taken 
at the Principal’s Tent, and, in that Neighbourhood, find out fome Emi- 
nence, or convenient Place, for the next Station, where his own Tent and 
the Principal’s can be feen: there let him fet up a large Pole and Flag, and 
two, or more, fmaller, in a ftraight Line between it and the Signal at his 
Tent. Then, at his Tent-fignal, let him take the Angle with the Sextant, 
formed by the Line of Poles croffing the Meridian and the Direétion of the 
Principal’s Signal, and write that down. ‘This Angle, and that fent by the 
Principal, added together, and fubtracted from 180° will leave the third 
Angle of the Triangle. Let him keep in the Direction of the Line of Poles, 
till he finds by the magnetic Bearing that he is in, or near the Meridian; 
then let him fet up the Sextant, and obferve the Angle between the two 
Tent-fignals; if it is equal to the forementioned Remainder, the Center of 
the Sextant is in the continued Meridian: if the Angle obferved is greater 
than that Remainder, the continued Meridian is farther from the Affiftant’s 
Tent than the Center of the Inftrument ; if the obferved Angle is lefs, the 
Continuation of the Meridian is between the Inftrument and the Affiftant’s 
Tent, and the Sextant muft be fhifted either one Way or the other, but al- 
ways in the Direction of the Line of Poles, till this obferved Angle, and 
the two formerly obferved at the Tents, make exactly two Right-angles ; 
then the Point directly below the Center of the Sextant is to be marked by 
a Pin driven into the Ground, and that will be another Point in the Meri- 
dian continued from the firft Station. If this Place is not convenient for a 
new Station, he. mutt continue the Direction of the Meridian by Poles till 
he comes to an Eminence, or Place more convenient ; there he is to mark a 
Point with a Pole, and fetting up another perpendicular Pole ata Diftance, 
in a Line with the Principal’s Signal, let him order his Tent to be taken 
down, as a Signal for the Principal to take down his, and to come away | 
with it and. with all his other Things. Then, over the Direction of the Me- 
ridian found by the Affiftant the Principal muft pitch his Tent, hang two 
Plumb-lines within it on the Meridian, and proceed as before to continue it 
farther. 
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{f a Town, Wood, Building, hich Wall, or other Obftacle, fhall happen 
in the Way, fo.as to hinder the Continuation of the meridian Line, as the 
Wood X in Plate II. Fig. 9. then, before you reach fuch Obftacle, on a 
fmooth Plane mark off with the Sextant AB a Perpendicular to the 
Meridian, and meafure in that Line as great a Leneth as will extend beyond 
the Obftacle, fo that the Perpendicular BC raifed on the End of the Mea- 
furement may fall on one Side of the Obftacle; and continue BC, if neceffary, 
with upright Poles, till you find a {mooth Plane extending perpendicularly 
crofs the Dire@tion of the Meridian; on that Plane make C D perpendi- 
cular to BC, and meafure from C to D a Diftance equal to AB, and D 
will be a Point in the Meridian continued from A. Then a Perpendicular 
D E, on the Line C D, will be a Continuation of the original Meridian: by 
upright Poles placed in thefe two Points, and other Poles in their Direction, 


it may, be continued farther at Pleafure. 


If A B, the Perpendicular, eannot be meafured exactly, becaufe of the 
Unevennefs of the Ground, mark a Line in another Direction, where the 
Ground is level, as A F,. or A G, and take the Ancle MAF, or MAG; 
at F, make the Angle AF C = MAF; and FC will be parallel to MA; 
or at G, if that is the Dire€tion chofen, make the Angle AGC = MAG, 
and G C will be parallel to M A. Then in the right-angled Triangle ABF, 
er ABG, having the Hypothenufe AF, or AG; and, in the farft, the 
Anele AFB, equal to the Supplement of AFC, or, in the other, the 
Angle AGB.= MA G, thence, by Protraction, or Calculation, find the 
Perpendicular AB, and note itdown. At C mark C D.a Perpendicular to 
CB; on it meafure the Length of AB, and. it will terminate in D, a Point 
in the Meridian M A continued. 


If a Perpendicular C Decannot be meafured exactly, then mark out a. 
Line on either Side of it where the Ground is level, as C-H, or CI; take 
the Angle B.C Hi, or B Cl, according to the Direction affumed, and from 
thence, having the Length of the Perpendicular CD = A B, and the Angle 
DCH = BCH — oo’, or the Angle DCI = go — BCI, the Hypo- 
thenufe C-H, or CI, may be found: meafure that on the Ground, ‘and it 
will terminate in: H, or J, a Point in the Meridian MA continued. . At H, 
on-C H, make the Angle CHE = MAF; or, at the Point I, the Angle 
CLE = MAG, and E will be another Point in the Meridian M A conti- 


3 | nued,, 
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nued. Place perpendicular Poles in thefe two Points, and by them continue 
the Meridian to fome E:xminence where a diftant View foreward may be had; 
there pitch your. Tent over the meridian Line, hane up the Plumb-lines in 
it, and examine your Meridian by the Stars before you proceed farther, in 
Caie the meafuring fhould have occafioned any Inaccuracy ; correct the 
Error, if there is any, and then proceed as before, by taking the magnetic 
Bearing of the Meridian, and of fome diftant Eminence on one Side of it, 
and fending your Affiftant to pitch his Tent on that Eminence, in order to 
make the neceflary Obfervations there, and find out the DireGtion of the 
Meridian; and continue the fame Procefs till you reach the End of the Ter- 
ritory propofed. 


The Foundation of the foregoing Operations, in getting over Obftructions, 
is fo obvious from the Properties of paralle] Lines, that it needs no Expla- 
nation to one who is acquainted with the firft Book of Euclid’s Elements. 
It may however be proper to obferve, that, if the Meafurements are not 
made on fmooth Planes, with great Care, and the Angles taken and fet off 
on the Ground with great Exaétnefs, it may make a fenfible Deviation in 
the Meridian: and that therefore, after fuch an Operation, it will generally 
be expedient to find the Meridian anew by the Stars, and proceed to con- 
tinue the Direction of it as before. But whether fuch Obftructions are met 
with or mot, it will be prudent, every 80, or 100 Miles, to examine the 
Meridian by the Stars, that if any fmall Inaccuracy has arifen, it may not 
affect the fubfequent Parts of it. 


5.6.C Fl Oe}, oTL 


How to trace a Parallelof Latitude through a Kingdom. 


Provide a good portable Inftrument for taking the meridian Altitude .of 
the Sun, or a Star,, to Parts of a Minute, A Sextant of three Feet Radius, 
with a‘convenient Stand.to fuppart it, may be fufficient. 


At the Place whofe Parallel is to be traced, find the Latitude, and ar 
exact meridian Line: fet off, by Poles placed upright in the Ground, a Per- 
pendicular to the Meridian, and continue that Line about one Degree of 
Longitude,, 
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Longitude, (fuppofe 30 or 40 Miles) till you come to a level Plane extend- 
ing about one Mile northward, or toward the elevated Pole; there find the 
Latitude and a meridian Line: on that meridian Line continued through the 
Plane, meafure a Diftance equal to the Difference of the firft and Jaft Lati- 
tude (which will be lefs than one Mile) and it will terminate in a Point of 
the Parallel required. Another Point in it may be marked about the Middle 
of the Perpendicular to the firft Meridian: for the Tangent of half a De- 
eree falls very little without the Arc. 


At the firft-mentioned Point in the Parallel, mark off with Poles a 
Perpendicular to the Meridian as before; continue it 30 or 40 Miles 
forward till you find another level Plare; there obferve the Latitude and 
find a meridian Line: on that Meridian méafure the Difference of the 
firtt and laft Latitudes, and that Meafurement will terminate in another Point 
of the Parallel: and the Middle of the Perpendicular to the former Meri- 
dian will be a fourth Point. Proceed in the fame Manner to find other 
Points as far eaftward, or weftward as is neceffary, and ftraight Lines on 
the Ground joining thefe feveral Points will mark out on the Ground the 
Parallel of Latitude of the Place required ; or more ftrictly a Polygon not 
fenfibly differing from it. 


Pid The Polygon will be ftill nearer a Circle, if 4 Perpendicular is con- 

ie '¢inned Eaft and Weft from each of the Meridians, and two Points of 

‘the Parallel are marked in each of thefe Perpendiculars, one on one Side 
of the croffing Meridian, the other on the other Side, and about one third 
of a degree of Longitude from it. 


If it fhall happen that a fmooth Plane is not to be had for meafuring 
the Difference of the two Latitudes along the Meridian, meafure a ftraight 
Line in any other Direction making an Angle with the Meridian ; find that 
i Angle by the Sextant, and you will then have two Sides of a Triangle (the 
bie | Difference of Latitude and the meafured Line) and the Angle comprehended 
ay between them, to find another Angle, which fecond Angle obferved and 
| marked off by a Pole in the Ground will determine the Direction of the 
third Side; and where it interfects the Meridian will be a Point in the Pa- 
tia rallel of Latitude fought. 
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The Exaétnefs of this Operation depends chiefly on the Accuracy of the 
Inftrument with which the feveral Latitudes are taken: the Sextant, there- 
fore fhould be carefully adjufted immediately before each Obfervation, 
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Page 19. Line 22, after towards S, read as at k.—p. 23. 1. 8, after ASB, read (Fig. 17 and 
18.)—p. 27. L. 1, for Pales, read Poles. — p. 34. 1. 16, for Horizon, read Horizons. — p. 36. 
1. 16, after true Angle, read To prevent it, the Index fhould be of a Subftance not apt to bend, 
and as broad as the Sextant can conveniently admit of ; it fhould move quite eafy round the Cen- 
ter; but by means of a {pring and {crew fhould comprefs the Arch of the Inftrument with requi- 
fite Firmnefs, and fo as to flide fmoothly along it when moved.—p. 55. 1. laft but two, for dQ» 
read D Ewp. $9. 1. 22, for wuond, read wound.——p. 88. 1. 16, for Objed, read Objects. 
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PLATE. IV. 











Marks and Dwerjittes lo be repre SCE: e 17 PD) aughts : | 
Cauee Rocky iy. | 
| Uo Gre Ys~, or lap Cliffs. 
2 Low hocky Shores : 
erie LOW Sandy Shores. 
Se Sandy Soil near the Shore . 
4a a hocks alwqys above Water. 


ES ® Rocks that dry and are covered day. 


@ oe hocks that dry Wf SDV irug- tede on} 2 


nina Ro cfes always below Water. 











JSand-bhanks that dry and are covered day . 

eae Sand- banks dry with Spi ig - tale onty. | 

JSand- banks always below Water | 

ams The SUfESE Anchorage a | 

€— A Stopp a g-P LACES , | 

“—osen--" De best Cusine. 

naw Antday. | 

RIDA Overfulls ; or rough, breaking Seas . | 

| ©\9 Wharipools. | 
| ——- ss Leading-muarks, for avoultng Locks and Shoals. 

| <The Direction of the Stream of Flood. 
er = 
Beacons , or Lar Nes» | 
: [2 @ A Gnand lask Buoy. | 






7 > tn) Sie ~f? » > wy & ae 
Bdow the Soundings (r) signafies roke Ground; (c) dap, (mm) Mud, or Quae; (9) Graved; (s 
Sands (sh) Shells, or Shel Sand, (st) large Stones; co) smile Corral; sg) Sand and Gravel;\ssh 
Jt hip Os MNS ,; oe IA yy \ ss 7 
™ ; ° Sey ne ee, ~ An » Devs of the Moon. \\ 
Sand and Shells. The numeral I eters shew the Tine of High-water on the full change Devs of the Mo: 
ket. 







| Lerperuticular” kiise Of ordinary Sprunrg- tule Feet} of WV ap ~ ele 
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